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WATER RESOURCES OF THE HUMBOLDT RIV™.R VALLEY
NEAR WINNEMUCCA, NEVADA

By PuiLie COHEN AND OTHERS

ABSTRACT

This report, resulting from studies made by the U.S. Geolozical Survey as
part of the interagency Humboldt River Research Project, des-ribes the quali-
tative and quantitative relations among the components of the hydrologic
system in the Winnemucca Reach of the Humboldt River valley. The area
studied includes the segment of the Humboldt River valley between the Comus
and Rose Creek gaging stations. It is almost entirely in Humholdt County in
north-central Nevada, and is about 200 miles downstream from the headwaters
of the Humboldt River.

Agriculture is the major economic activity in the area. Inasmuch as the
valley lowlands receive an average of about 8 inches of precip‘tation per year
and because the rate of evaporation from free-water surfaces is about six times
the average annual precipitation, all crops in the area (largelr forage crops)
are irrigated. About 85 percent of the cultivated land is irrigrted with Hum-
boldt River water; the remainder is irrigated from about 20 irrigation wells.

The consolidated rocks of the uplifted fault-block mountains are largely
barriers to the movement of ground water and form ground-water and surface-
water divides. Unconsolidated deposits of late Tertiary and Quaternary age
underlie the valley lowlands to a maximum depth of about 5,000 feet. These
deposits are in hydraulic continuity with the Humboldt River and store and
transmit most of the economically recoverable ground water. Included in the
valley fill is a highly permeable sand and gravel deposit having a maximum
thickness of about 90-100 feet; it underlies the fiood plain and bordering
terraces throughout most of the project area. This deposit is almost completely
saturated and contains about 500,000 acre-feet of ground water in storage.

The Humboldt River is the source of 90-95 percent of the surface-water
inflow to the area. In water years 1949-62 the average annucl streamflow at
the Comus gaging station at the upstream margin of the area was 172,100
acre-feet; outflow at the Rose Creek gaging station averagel about 155,400
acre-feet. Accordingly, the measured loss of Humboldt River streamfiow
averaged nearly 17,000 acre-feet per year. Most of this water was transpired
by phreatophytes and crops, evaporated from free-water surfrces, and evapo-
rated from bare soil.

Inasmuch as practically no tributary streamflow normally discharges into the
river in the Winnemucca reach and because pumpage is virtually negligible
during the nonirrigation season, gains and losses of streamflow during most of
the year reflect the close interrelation of the Humboldt River and the ground-
water reservoir. An estimated average of about 14,000 acre-feet per year of

1



2 WATER RESOURCES, HUMBOLDT RIVER VALLEY

ground-water underflow moves toward the Humboldt River from tributary
areas. Much of this water discharges into the Humboldt River; hovever, some
evaporates or is transpired before reaching the river.

More than 65 percent of the average annual flow of the river normally occurs
in April, May, and June owing to the spring runoff. The stage of the river
generally rises rapidly during these months causing water to move from the
river to the ground-water reservoir. Furthermore, the period of high stream-
flow normally coincides with the irrigation season, and much of the excess
irrigation water diverted from the river percolates downward to the zone of
saturation.

The net measured loss of streamflow in April-June, which aver~ged about
24,000 acre-feet in water years 1949-62, was about 7,000 acre-feet more than
the average annual loss. The estimated net average annual increase of ground
water in storage during these months in this period was on the order of 10,000
acre-feet. Following the spring runoff and the irrigation season, normally in
July, some of the ground water stored in the flood-plain deposits during the
spring runoff begins to discharge into the river. In addition, ground-water
inflow from tributary areas again begins to discharge into the river.

Experiments utilizing a neutron-scattering soil-moisture meter sggest that
considerable water is stored in the zone of aeration in the shallow flood-plain
deposits during the spring runoff. Most of this water eventually evaporates
or is transpired by phreatophytes. Preliminary results of evapotranspiration
experiments indicate that, of the plants studied, willow uses the rost water,
about 4 acre-feet per acre per year.

Sodium and bicarbonate commonly are the most abundant ions in the
surface water and ground water of the area. The dissolved-solids content of
most of the ground water is less than 600 ppm, although locally it is more than
5,000 ppm. Almost all the water is moderate to very hard; otherwise, it is
suitable for most uses.

In December 1961, nearly all the water in the Humboldt River batween the
Comus and Rose Creek gaging stations was seepage from the ground-water
reservoir. The chemical quality of the river largely reflected ths chemical
quality of ground-water underflow from tributary areas.

An estimated average of 95,000 to 120,000 acre-feet per year of the total
inflow to the lowlands of the area studied, including streamflow, ground-water
inflow, and precipitation, was lost by evapotranspiration in water years 1949-
62. Increased irrigation efficiency and the conjunctive use of ground water and
surface water would conserve much of this water. Intensive ground-water
development, especially from the sand and gravel aquifer beneat! the flood
plain, however, will partly deplete the flow of the Humboldt Rive* and may
infringe upon downstream surface-water rights.

INTRODUCTION
THE HUMBOLDT RIVER RESEARCH PROJECT
The Humboldt River Research Project is a Federal-State coopera-
tive interagency study largely concerned with developing data and
techniques needed to evaluate the water resources of the Humboldt
River basin. The project was authorized by the 1959 Nevada
legislature, and the Nevada Department of Conservation and Natural
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Resources was designated the coordinating agency. Federal agen-
cies participating in the study are the U.S. Geolovical Survey,
Bureau of Reclamation, Bureau of Land Management, Soil Conser-
vation Service, Agricultural Research Service, Forest Service, and
the Weather Bureau. State agencies participating in the study are
the Nevada Department of Conservation and Natural Resources,
including the Division of Water Resources and the Division of
Forestry; the University of Nevada, including the Department of
Geology, the Max C. Fleischmann College of Agriculture, and the
Desert Research Institute; the Nevada Bureau of Mines; and the
Department of Geology of the University of Illinois. Each agency
is studying one or more aspects of the hydrologic system or related
physical and economic features of the basin.

The principal hydrologic objective of the project is to provide the
information needed to achieve the most effective use of the water
resources of the basin. Specifically, information was desired rela-
tive to (a) the amount, disposition, and chemical quality of water
in the basin, (b) the interrelations among the components of the
hydrologic system, and (c) the effects of possible modifications of
the hydrologic regimen. Research aspects of the study include
devising and testing methods for evaluating the components of the
hydrologic system and determining the feasibility of replacing
phreatophytes with more beneficial vegetation.

Because of the large size of the basin and because of the complex-
ity of the hydrologic system, most of the initial studies are being
made in the so-called Winnemucca Reach of the Humboldt River
valley (p. 5). Less intensive preliminary studies are being made
by some of the agencies in the upstream reaches of the basin.

SCOPE OF THE INVESTIGATION AND PURPOSE OF THE REPORT

In 1959 the U.S. Geological Survey entered into a cooperative
agreement with the Nevada Department of Conservation and
Natural Resources to participate in the interagency Humboldt River
Research Project. It was agreed that the Geological Survey would
study the following components of the hydrologic system in the
Winnemucca Reach of the Humboldt River valley: (a) Ground-
water recharge and surface-water inflow, (b) routing, disposition,
and storage of ground and surface-water within the area, (c)
ground-water discharge and surface-water outflow, (d) use of water
by selected phreatophytes, including greasewood, rakbitbrush, wil-
low, and wildrose, and (e) the chemical quality of the water. In
1961 the participation by the Geological Survey was expanded to
include an evaluation of the use of a neutron-scattering soil-moisture
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meter to determine changes in the total water content of the shallow
flood-plain deposits. In 1962 the Geological Survey accopted the
responsibility of preparing an interagency summary report when
the work of all the participating agencies is completed.

Fieldwork began in 1959 and most of it was completed ty Decem-
ber 1962. The research aspects of the Geological Survey’s studies,
the phreatophyte and soil-moisture experiments, probably will be
continued for several years. The work has been accomplished in
large part with cooperative funds made available jointly by the
Geological Survey and the State. The Bureau of Reclamation is
supplying funds to help defray the cost of the phreatophyte experi-
ments.

Three moderately detailed interim reports and several short papers
and progress reports, describing field and laboratory procedures and
giving the preliminary results of the studies, have been prepared.
(See p. 7-8.) The purpose of this report is to summarize the
hydrogeologic information and refine the quantitative estimates
given in those reports, to give the final results of the completed
studies, and to describe the preliminary results of the phr-atophyte
and soil-moisture studies.

Some aspects of the climatology and geology of the area and their
relation to the hydrologic system are described. The geology is
considered briefly and only to the extent that it bears upon the
hydrologic system. Quantitative and qualitative interrelations
among the major components of the hydrologic system, especially
those between the Humboldt River and the ground-water reservoir,
are emphasized. To describe further the quantitative interrelations
among the components of the hydrologic system, preliminary hydro-
logic-budget analyses are given for three selected time intervals.
Finally, the results of the hydrologic studies are used to evaluate
some of the more significant water-management problems.

The investigation was begun under the direct supervision of O. J.
Loeltz, formerly district engineer of the Ground Water Branch of
the Geological Survey in charge of ground-water studies ir Nevada,
and was completed under the supervision of G. F. Worts, Jr., dis-
trict chief in charge of hydrologic investigations in the State. The
ground-water and interpretive water-quality studies were made by
Philip Cohen assisted by R. A. Lyman, Jr. R. L. Hanson was in
charge of the surface-water studies. T. W. Robinson supervised
the phreatophyte experiments, and the soil-moisture studies were
made by A. O. Waananen. Particle-size-distribution, specific-yield,
and permeability determinations were made at the Geological Sur-
vey’s hydrologic laboratory under the supervision of A. I. Johnson.
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Chemical analyses of water samples were made at the Geological
Survey laboratories in Sacramento, Calif., under the supervision of
Eugene Brown.

LOCATION AND GENERAL GEOGRAPHIC FEATURES

The Humboldt River drainage basin, which has an area of about
18,000 square miles, includes about 16 percent of the total area of
Nevada (fig. 1) and about one-third of the irrigated land of the
State. Agriculture is the major economic activity, and cattle raising
and the production of forage crops, nearly all of which are irrigated,
provide most of the agricultural income. About 80 percent of the
irrigated land in the basin, approximately 230,000 acres, is irrigated
with Humboldt River water.

The project area as described in this report includes the entire
area shown on the plates accompanying the report. It is about 520
square miles in area (fig. 1). It comprises the Winnemucca reach of
the Humboldt River valley between the Comus gaging station (Hum-
boldt River at Comus) in the SE1,NE1,SE1, sec. 14, T. 36 N., R.
41 E., and the Rose Creek gaging station (Humboldt River near
Rose Creek) in the NW14,SE1,NW1/ sec. 36, T. 35 N, R. 35 E.
The gaging stations are about 22 miles east and 15 mriles southwest
of the city of Winnemucca, respectively.

In addition to the Humboldt River valley, the project area in-
cludes the downstream segments of Paradise and Grass Valleys and
parts of the mountains and foothills bordering the Humboldt River
valley.

The mountains trend roughly northward and their crests range in
altitude from about 7,500 to 9,500 feet. The altitude of the Hum-
boldt River is about 4,360 feet at the Comus gaging station, about
4,260 feet at Winnemucca, and about 4,200 feet at tl'= Rose Creek
gaging station. Accordingly, the maximum relief of the area is
on the order of 5,000 feet.

Meadow grasses are the principal crops raised in the area. About
85 percent of the irrigated land is on the flood plain of the Humboldt
River and practically all the irrigation water for tlis land is di-
verted from the Humboldt River. Meadows on the flood plain are
irrigated partly by overbank flooding and partly by diversionary
structures and a network of unlined ditches. All of the diversionary
structures are privately owned, the largest being tl'» Stahl Dam
about 15 miles east of Winnemucca (fig. 3). The acreage of irri-
gated land is difficult to estimate because it changes markedly from
year to year depending largely on the flow of the Hrmboldt River.
During years of average or near-average streamflow, about 50 per-
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cent of the flood plain or about 12,000 acres is irrigated; in years of
low flow, probably only about 20 percent of the flood plain, or about
5,000 acres is irrigated.

Some of the smaller streams in the area, notably I7elly, Rock,
Pole, Thomas, and Rose Creeks, also are used to irrigate meadow
grasses and alfalfa. During the irrigation season, virtually all the
water from Kelly Creek is diverted upstream from the project area.
Water from Pole and Rock Creeks is used to irrigate the lower
alluvial slopes and flood plain near the town of Golconda. Thomas
Creek is diverted onto cultivated land in the mouth of Grass Valley,
and Rose Creek is used to irrigate land near the toe of the alluvial
fan.

In 1962 about 20 wells were used for irrigation. Crops irrigated
by ground water include native grasses, alfalfa, small grains, and
potatoes. Most of the acreage irrigated with ground water is in the
mouth of Grass Valley and on the terraces bordering tt> Humboldt
River.

Winnemucca formerly was the center of a thriving mrining indus-
try. The principal products were gold, silver, mercur-, and tung-
sten. At present little mining is done in the area, although recently
one of the larger gold mines, about 30 miles east of the project area,
was reactivated. The population of Winnemucca, the county seat of
Humboldt County, was nearly 3,500 in 1960.

PREVIOUS WORK

Many published and unpublished reports on the hyd-ology, geol-
ogy, and other physical features of the project area and vicinity have
been prepared. Reports of historic interest, those used in the prepa-
ration of this report, and those prepared as part of tl ~ Humboldt
River Research Project are described in the following paragraphs.

The first investigation of the geology of the project arca was made
during the survey of the 40th parallel under the direction of King
(1878). The geology of the Lake Lahontan deposits in Nevada,
including those exposed in the project area, was described by Russell
(1883, 1885). Some of the informal stratigraphic terms introduced
by Russell are maintained, with only slight modification, in this
report. Ferguson, Muller, and Roberts (1951) and Ferguson,
Roberts, and Muller (1952) mapped the geology of the Winnemucca
and Golconda quadrangles, respectively. They concentrated most of
their efforts on the geology of the consolidated rocks. A recon-

768-607 O-65—2
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naissance geologic map of Humboldt County was prepared by
Willden (1961), and the geology of the Osgood Mountains quad-
rangle near the eastern margin of the project area was mapped by
Hotz and Willden (1961).

A report describing the occurrence of ground water in Paradise
Valley was prepared by Loeltz, Phoenix, and Robinson (1949).
Ground water in Grass Valley was described by Robinson, Loeltz,
and Phoenix (1949). Water and related land resources cf Paradise
Valley and floods in the Humboldt River basin were described in
joint publications by the Nevada Department of Conservation and
Natural Resources and the U.S. Department of Agriculture (1962a,
b). Thomas and Lamke (1962) discussed floods in the Humboldt
River basin in 1962.

Published reports resulting from the Humboldt River Research
Project include a general description of the project by 11axey and
Shamberger (1961), a description of geophysical studies by Dudley
and McGinnis (1962), and analyses of several aspects of the hydro-
geology of the area by Cohen (1961a, b, and c¢; 1962a, b, ¢, and d;
1963 and 1964). Four interagency progress reports largely describ-
ing the purpose and scope of the project, field techniques. and pre-
liminary results of some of the studies were published by the Nevada
Department of Conservation and Natural Resources (1960, 1961,
1962, and 1963).

Five unpublished theses resulting from studies made as part of
the Humboldt River Research Project have been completed.! These
describe the results of geophysical studies by G. M. Wilson (1960),
an evaluation of the occurrence of carbonate compounds in the allu-
vial fans by Onuschak (1960), studies of Lake Lahonten stratig-
raphy by Cartwright (1961), an evaluation of the Pleistocene and
Recent geology by Hawley (1962), and studies of the lithology and
geomorphology of the piedmont slopes by W. E. Wilson (1962).

NUMBERING OF CONTROL POINTS AND SAMPLES

Numbering of all control points and samples, except streamflow
measuring stations along the Humboldt River and water samples

1 Cartwright, Keros, 1960, A study of the Lake Lahontan sediments ir the Winne-
mucca area, Nevada: Nevada Univ. M.S. thesis (on file at Nevada Univ. Library) 52 p.

Hawley, J. W., 1962, Late Pleistocene and Recent geology of the Winnemucca segment
of the Humboldt River valley, Nevada: Illinois Univ. Ph. D. thesis (on file at Illinois
Univ. Library) 222 p.

Onuschak, Emi], 1960, Carbonate compounds in some alluvial fans in northern Grass
Valley, Nevada: Nevada Univ. M.S. thesis (on file at Nevada Univ. Library) 91 p.

Wilson, G. M., 1960, Geophysical investigations in the Humboldt River valley, Winne-
mucca, Nevada: Nevada Univ. M.S. thesis (on file at Nevada Univ. Librarr) 31 p.

Wilson, W. E., 1963, The geology of the piedmont slopes in the Winnemucca area,
Nevada: Illinois Univ. Ph. D. thesis (on file at Illinois Univ. library) 172 p.
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from the river, is based on the rectangular system for the subdivision
of public lands (fig. 2). Accordingly, the numbers both identify
and locate each control point and sample. The first unit of each
number indicates the township north of the Mount Diablo base line.
The second unit, separated from the first by a slant, indicates the
range east of the Mount Diablo meridian. The third unit, separated
from the first two units by a hyphen, lists the section number,
followed in turn by three letters that designate the quarter section,
the quarter-quarter section, and the quarter-quarter-quarter section,
respectively. The letters a, b, ¢, and d designate, respectively, the
northeast, northwest, southwest, and southeast quarters of each unit.
The three letters are followed by a number that indicates the
chronological order in which the control point was recorded within

R.IE. 35 36 37 38 39 40 41 R.42E

36

/ .
/ ;
/

| i

BASE LINE

MOUNT DIABLO
PRINCIPAL MERIDIAN

Well 36/37-25bdbl

R.37E Sectior 25
T T T
6 5 | 4 3 2 1 ' ' ‘
b a [ b | a
I I l
7 8 9 | 10| 11 | 1 ———b—7—t+———a———1
[ bt a | !
I I
3

19 | 20 1] 22 | 23 | 24
e 1 b |l a | b 1 a
I | |
30 | 29 | 28 | 27 | 26 | 25 -————T———T—-——?———-
c | 4 I e | 4
31 | 32 [ 33| 34 | 35| 36 | | |
| ] L

FIGURE 2.—~Numbering system for wells, springs, other control points, and samples.
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the 10-acre subdivision. For example, well number 36/37-25bdbl
designates the first well recorded in the NW14SE1,NW1, sec. 25,
T. 86 N., R. 87 E., Mount Diablo base line and meridiar. Because
of the limitation of space, only that part of the number designating
the subdivision of the section and the order in which the control
point was recorded is shown on the maps accompanying this report.

For clarity and in accordance with previous usage, streamflow
measuring stations along the Humboldt River are identified by capi-
tal letters. The letters assigned to these stations and their location
are listed in table 12.

Samples are given numbers corresponding to the sites at which
they were obtained. The order in which a sample was ob*ained at a
given site is indicated by a number, preceded by a hyphen, following
the control-point number or letter. For example, number 36/37-
25bdbl-2 was assigned to the second water sample obtained from the
previously described well; water sample M-3 is the third sample ob-
tained from the Humboldt River at streamflow measuring station M.
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CLIMATE

The most significant factors controlling the climate of the project
area are the regional prevailing eastward flow of air and the Sierra
Nevada range about 150 miles to the west. Warm moist air masses
moving eastward from the Pacific Ocean are forced aloft by the
Sierra Nevada and, as a result, the air cools and moisture condenses
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causing heavy precipitation in the mountains. Consequently, air
masses moving eastward over the project area normally have a low
moisture content causing the climate of the valley lowlands to be
arid to semiarid. Orographic effects, similar to those crused by the
Sierra Nevada but of a lesser magnitude, result in greater precipita-
tion in the mountain ranges of the project area where the climate
locally is subhumid.

Weather records have been obtained by the U.S. Westher Bureau
at and near Winnemucca since 1870. Prior to 1948, the station was
in Winnemucca. In 1948 the station was moved to the Winnemucca
Airport, about 6 miles southwest of the city. Table 1 summarizes
temperature and precipitation data. The mean daily temperature
is 49°F. The highest temperature of record, 108°F, occurred on
July 20, 1931; the lowest temperature of record, —36°F, occurred on
January 21, 1937. Owing largely to the normally very low humidity
and the relatively high altitude of the project area, diurnal temper-
ature fluctuations of more than 50°F are common. Freezing tem-
peratures have occurred in every month of the year but are not
common in June, July, and August.

TasLe l.—Summary of climatological data at and near Winnemucca
{Data from published records of the U.S. Weather Bur.]

Climatological data Period | January | February| March April May June
(years)
Temperature (°F)
Average monthly maximum_._ .. 83 52 58 69 77 86 94
Average monthly minimum____ 83 —4 3 13 19 26 33
Average monthly. ... ___ 83 28 34 40 47 55 62
Highest of record._.. 83 61 69 82 88 98 104
Lowest of record.._.___.________ 83| —36 —26 -3 9 12 23
Precipitation (inches)
Average monthly______.________ 91 1.05 .92 90 .78 .88 .68
Maximum monthly.. - o1 3.08 2.75 5.23 3.34 2.82 2.86
Minimum monthly. - - 91 0 Trace 0 .06 .02 0
Maximum 24-hours...._.______ 82 1.45 .99 .97 .92 1.4 1.56
Climatological data Period July Au- Sep- |October|Novem-| Decem-| The
(years) gust [tember ber ber year
Temperature (°F)
Average monthly maximum._ . 83| 99 97 90 8t 67 56 78
Average monthly minimum. 83| 42 38 26 18 7 0 18
Average monthly_________ 81 72 69 60 48 38 30 49
Highest of record... 83 | 108 106 103 90 75 70 108
Lowest of record. _.__.__.._.___ 83 | 29 26 12 9 -9 -27 —36
Precipitation (inches)
Averagemonthly_______________ 91 .22 .18 .36 67 .77 .99 .70
aximum monthly._ 91 1.55 1.26 1.53 2.93 3.78 3. 5.23
Minimum monthly. . 91 0 0 0 0 0 Trace 0
Maximum 24-hours..___._._____ 82 1.85 .59 1.00 1.58 1.5¢ 1.08 L
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The average annual precipitation for the period 1871-1962 is 8.40
inches. Most of the precipitation normally occurs in December and
January ; the least precipitation normally occurs in July and August.
In the winter, precipitation normally occurs as snow and in the
summer, commonly as rain from isolated thunderstorms. During the
period of record, precipitation of nearly an inch or more in a 24-hour
period occurred in every month of the year but August. The maxi-
mum monthly recorded precipitation, 523 inches, occurred in
March 1884. During many months there was no precipitation.

In figure 10 the slope of the graph showing cumulative departure
from average precipitation indicates whether precipitction in a
given year or in several successive years was above or below average.
A positive or upward slope to the right indicates above-average
precipitation; a negative slope indicates below-average precipitation.
A cumulative deficiency of precipitation of about 11 inches occurred
during the 10-year period, water years 1871-80. The period water
years 1880-87 was one of above-average precipitation. Although
there were some years of above-average precipitation, the period,
water years 1887-1934 was characterized largely by below-average
precipitation. Precipitation generally was considerably above
average in the period water years 193446 and below average in the
period water years 1952-62.

Evaporation-pan data have been obtained in the Winnemucca
area only since the beginning of the Humboldt River Research
Project. The average annual rate of evaporation cannot be esti-
mated from these meager data; however, data obtained at Rye
Patch Reservoir (p. 19) and data given by Kohler, ITordenson,
and Baker (1959) suggest that the average rate of evaporation from
free-water surfaces in the Winnemucca area is on the order of 4 feet
per year. Accordingly, the estimated average annual! rate of
evaportion from free-water surfaces is nearly six times the average
annual precipitation.

GEOLOGY AND ITS RELATION TO THE HYDPOLOGIC
SYSTEM

Many aspects of the hydrology and geology of the area are closely
related. It is apparent that streamflow characteristics are at least
partly related to the geomorphology and geometry of the stream
channels. Similarly, the rate of ground-water movement is a func-
tion of several interrelated geologic and hydrologic parameters.
Largely because of orographic effects, even the occurrence and in-
tensity of precipitation is controlled partly by the geology of the
project area. Thus, an evaluation of pertinent aspects of the geology
is an integral part of an analysis of the hydrology.
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LANDFORMS AND DRAINAGE

The project area is in the Great Basin section of the Basin and
Range physiographic province, and the geomorphology of the area
is typical of the Great Basin. The gross topograplic features,
elongate northward-trending mountains and intervening valleys
of approximately equal width, were formed as a result of displace-
ment along roughly northward-trending high-angle normal faults.
Although some of the faults cut younger unconsolidated relatively
permeable sedimentary deposits, most of the displacemsnt involves
older consolidated and relatively impermeable rocks. The relatively
impermeable rocks of the structural highs commonly impede the
movement of water between adjacent valleys and normally do not
yield large quantities of water to wells. Nearly all the ground
water is stored in and transmitted through relatively permeable un-
consolidated sedimentary deposits filling structural lows, or is stored
in and transmitted through stream-chanmnel deposits connecting
adjoining valleys.

MOUNTAINS

The ranges are asymmetrical fault-block mountains composed
largely of dense, comparatively impermeable consolidated rocks.
Their crests are the surface-water drainage divides. Similarly, the
ranges are largely barriers to the movement of ground water and
form ground-water divides. Because most of the precipitation oc-
curs in the mountains, the gross directions of surfac>-water and
ground-water movement are from the mountains toward the valley
lowlands.

Most of the normal faults within and bordering the ranges dip
westward ; therefore, the western slopes of the ranges ccmmonly are
steeper than the eastern slopes. Some of the western slopes are
eroded fault planes but most are complex fault zones that have
been modified by erosion. The eastern slopes largely are modifica-
tions of the topography prior to faulting.

In overall aspect the topography is independent of the lithology
and internal structure of the ranges; however, locally the topogra-
phy reflects these features. The topography of areas underlain by
granitic rocks, as at Winnemucea Mountain, and partly consolidated
sedimentary rocks, as in parts of the East Range, is characterized by
low rounded ridges and smooth valley walls. Sharp rugged crests
occur in areas underlain by limestone, quartzite, and e:rtrusive vol-
canic rocks. Streamflow in the latter areas commonly is less flashy
and the opportunity for ground-water recharge is greater.
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ALLUVIAL APRON

The alluvial apron is the area of intermediate slope ketween the
mountains and the comparatively flat valley floor. It consists largely
of coalescing alluvial fans which are depositional features but locally
includes pediments which are erosional features.

Alluvial fans and remnants of alluvial fans of at least four ages
occur in the area; however, largely on the basis of their hydrologic
significance, the alluvial-fan deposits are subdivided into three units
in this report (pl. 1 and table 8). The oldest alluvial-fen deposits,
mapped as older fanglomerate, are structurally deformed, deeply
eroded, and occur as remnant pediment surfaces along the north-
western slope of the Sonoma Range. Isolated exposures of moder-
ately cemented and structurally deformed fanglomerate along the
slopes of the Osgood Mountains probably are equivalent in age to
the deposits along the northwestern slope of the Sonoma Range and
are mapped as older fanglomerate.

Most of the alluvial apron is composed of structurally deformed
and moderately eroded alluvial fans of late Tertiary or Quaternary
age. These alluvial-fan deposits are mapped as younge- fanglom-
erate. The youngest alluvial fans are of Recent ag~ and are
included in the unit mapped as younger alluvium. These deposits
are post-Lake Lahontan in age (p. 15), for the most part are
structurally undeformed, and are not appreciably erodec.

Throughout most of the year, nearly all the streamflow originating
in the mountains normally is dissipated on the alluvial apron. Some
of the flow evaporates, some is transpired by vegetation along the
. streams, and some percolates downward to the ground-water reser-
voir. During the spring and early summer when the flows com-
monly are highest, some streamflow discharges from the alluvial
apron onto the valley floor where it largely evapor~tes or is
transpired.

As a result of unusually large amounts of precipitation in August
1961 (p. 64), sheet wash and mud flows occurred in the Sonoma
Range. Large amounts of alluvial debris were washed out of the
mountains onto the alluvial apron. According to some of the oldest
residents in the area, this was one of the few times this phenomenon
occurred in the last 50 years. Even during this unusvally large
runoff, streams flowing across the alluvial apron along the western
slope of the Sonoma Range did not reach the Humboldt River, but
discharged onto the floor of Grass Valley where an epheweral lake
was formed. A small amount of the flow in Pole Creel- probably
discharged into the Humboldt River at the time.
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VALLEY FLOOR

Considerable ground-water recharge occurs on parts cf the valley

floor largely as a result of seepage from the Humboldt River

(p. 79), and most of the ground-water discharge occurs there by

evapotranspiration. The Humboldt River, of course, is the most
important stream.

FEATURES FORMED BY LAKE LAHONTAN

Lake Lahontan a large and relatively deep lake covered the low-
lands of the project area in late Pleistocene time, and some of the
physiographic features of the valley floor were formed ot that time.
The maximum altitude of the lake was roughly 4,400 feet. Shore-
line features and deposits formed within and near the margins of
the lake suggest that, in gross aspect, two deep stages and one
intervening period of desiccation characterized the history of Lake
Lahontan. (See Russell, 1885; Morrison, 1961; and Cohen, 1962c.)
Beaches, bars, and wave-cut terraces and scarps occur at altitudes
ranging from about 4,260 to 4,400 feet. The beaches largely have
been obscured by erosion and sedimentation and, therefore, are not
shown on plate 1; the more prominent wave-cut terraces and scarps
are shown. The floors of Paradise and Grass Valleyr, except as
they have been modified by post-Lake Lahontan wind and stream
action, represent the floor of the second and most recent deep stage
of the lake. This surface is nearly flat, has a gradient of about
3—4 feet per mile to the northwest near the mouth of Grass Valley,
and is almost horizontal in the mouth of Paradise Valley.

Because of its relatively recent age and low gradient the drainage
system on the former floor of Lake Lahontan is poorl developed.
The floor of Paradise Valley is drained by the Little Humboldt
River and the floor of Grass Valley is drained by Clear Creek. Both
streams have very low gradients and their channel cepacities are
small. As a result, nearly all the streamflow from the bordering
mountains that reaches the floors of Paradise and Grass Valleys
ponds and quickly evaporates. Gumboot Lake, an ephemeral lake
in the mouth of Paradise Valley, contains water only during years
of unusually high runoff or when sand dunes block the course of the
Little Humboldt River (p. 39).

The deposits of the former bottom of Lake Lahontan are com-
posed largely of strata of silt and clay that have a very low perme-
ability and high field capacity (ability to retain moisture in the soil
against the downward pull of gravity). Accordinglv, virtually
none of the precipitation and practically none of the streamflow on
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the former bottom of Lake Lahontan recharges the ground-water
Teservoir.

FLOOD PLAIN AND TERRACES OF THE HUMBOLDT RIVE™

Four relatively flat surfaces or terraces border the channel of the
Humboldt River at successively higher altitudes. The highest sur-
face, the so-called upper terrace, is the former floor of Lake Lahon-
tan and is largely a depositional feature. The next two lower sur-
faces are river-cut terraces referred to as the middle terrace and
lower terrace. The lowest surface is the present flood plain of the
Humboldt River; it is a complex surface characterizel by both
depositional and erosional features.

The lower and middle terraces discontinuously border the flood
plain of the Humboldt River from the downstream margin of the
project area upstream to about the vicinity of Golconda. Both are
nearly flat surfaces that locally have been modified by wind action;
sand dunes as high as 20 feet are common. In places, as near the
southwestern margin of the study area, both terraces have been
removed by erosion, and nearly vertical scarps about 50 feet high
separate the flood plain from the upper terrace. The lower terrace
is preserved only downstream from Winnemuecca, and the middle
terrace is best exposed between Winnemucca and Golconda. Two
small remnants of the middle terrace, each less than 1 squ~re mile in
area, occur downstream from Winnemucca (pl. 1).

The downstream gradients of the lower and middle terraces vary
slightly and they are about the same as that of the food plain,
averaging about 3—4 feet per mile. Locally, as immediately upstream
from Winnemucca, the middle terrace is almost horizontal. Because
the gradient of the upper terrace is somewhat less than the average
gradient of the river-cut terraces and the flood plain, the height of
the scarps bordering the flood plain generally becomes progressively
less upstream.

The flood plain of the Humboldt River is the surface bordering
the river that is periodically covered by flood water; it includes local
physiographie features such as sand dunes that rarely if ever are
covered by water. In this report the flood plain is considered a
single physiographic unit. Its most characteristic geomorphic fea-
tures are meander loops of the Humboldt River, meander scrolls of
abandoned channels, and floodflow channels which are relatively
straight depressions that normally carry water only during periods
of flood or as a result of irrigation practices. (See figs. 4, 6, and 18.)
The width of the meander belt of the present channel rsnges from
about one-half the width of the flood plain, as in sec. 15, T. 35 N.,
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solidated-rock units (basalt) yields water readily to wells and
because the hydrologic properties of the consolidated rocks were not
studied in detail in the field or in the laboratory, the hydrologic
information given in table 2 is necessarily generalized.

Most of the unconsolidated deposits tapped by irrigation wells in
the area are older than the Lake Lahontan deposits and younger
than the older sedimentary deposits of Tertiary age. These deposits
are mostly of fluviatile origin and probably are largsly the strati-
graphic time correlatives of the younger fanglomerate. These sub-
surface deposits are shown as undifferentiated alluvium on plate 1.

The hydrogeologic properties of the unconsolidated deposits form-
ing the ground-water reservoir were studied in the field and in the
laboratory. Representative data are shown in table 4 and in figures
7-9. More detailed information on specific yield and related data
are given in table 22 and on pages 100-103.

Values for the laboratory coefficients of permeability of the
deposits ranged from 0.001 gpd per sq ft (gallons per day per square
foot) for a sample of slope wash to 7,000 gpd per sq ft for a sample
of the medial gravel unit. The laboratory coefficient of permeability
is equal to the rate of flow of water, having a tempersture of 60°F,
through 1 square foot of material under a hydraulic gradient of 1
foot per foot. These values are only slightly higher than those of
the field coefficients of permeability because the averag~ temperature
of ground water in the project area is about 58°F. (See Wenzel,
1942, p. 62.)
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FIGURE 8.—Particle-size distribution of selected samples of terrace deposits in the Fumboldt River valley
near Winnemucca.
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FIGURE 9.~ Particle-size distribution of selected samples of the medial gravel unit in the Humboldt River
valley near Winnemuecca.

The coefficient of transmissibility is the rate of flow of water
through a vertical strip of aquifer 1 foot wide extending the full
saturated height of the aquifer under a hydraulic gradient of 1 foot
per foot at the prevailing water temperature. Thus, the coefficient
of transmissibility is equal to the field coefficient of permeability
multiplied by the saturated thickness of the aquifer. Coefficients
of transmissibility can be obtained from controlled pumping tests.
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Unfortunately, very few wells in the area were adequately equipped
and constructed to obtain reasonably accurate and meaningful
estimates of the coefficients of transmissibility. Data obtained from
two tests at well 35/37-8dadl indicate that the medial gravel unit,
which has a saturated thickness of about 90-95 feet near the well,
has a coefficient of transmissibility of about 500,000 gpd per ft
(gallons per day per foot). Accordingly, the estimated average
field coefficient of permeability of the unit in the vicinity of the
well is on the order of 5,000 gpd per sq ft. This agrees reasonably
well with the laboratory permeability of 7,000 gpd per sq ft for
sample 35/36-15ddb1-2 (table 4). The sample probably is repre-
sentative of the most permeable facies of the gravel. Accordingly,
the coefficient of permeability of about 5,000 gpd per sq ft obtained
from the aquifer tests is considered to be more nearly representative
of the average permeability of the unit.

GEOLOGIC STRUCTURES

Geologic structures affect the storage and movement of water in
the project area. Although there is some overlap, th~ structures of
hydrologic significance are divided into two groups—tectonic struc-
tures and internal primary and secondary structures. Tectonic
structures are those formed as a result of relatively large deforma-
tional forces within the earth’s crust and include normal faults,
thrust faults, joints, and other fractures. These fractures allow
water to move through some of the otherwise impermeable consoli-
dated rocks. Furthermore, many of the solution openings, which
locally transmit water through some of the carbonste rocks, were
formed along tectonic fractures.

Internal primary structures that store and transmit water include
interflow scoracious and fractured zones in the Tertiary or Quater-
nary basalt flows. Inasmuch as the basalt was formed from a
cooling liquid, it has practically no interstitial porosity and perme-
ability. Accordingly, primary structures and, locelly, secondary
structures, afford almost the only opportunity for the storage and
movement of water in these rocks.

Primary and secondary structures also affect the hydrologic prop-
erties of the unconsolidated deposits forming the ground-water
reservoir. Bedding or stratification is one of the most common
primary sedimentary structures. Where strata of similar lithology
overlie one another, there are normally little or no marked vertical
changes in hydraulic properties. Bedding surfaces, however, com-
monly demark substantial changes in lithology and, accordingly,
changes in hydraulic properties. The irregular bedding surface that
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forms the contact between the medial gravel unit and the overlying
upper silt and clay unit is an example of a marked lithc'ogic and
hydraulic discontinuity.

Commonly, the unconsolidated deposits are composed of nonequid-
imensional particles that tend to be oriented with their flattest
surface parallel to the bedding, thus imparting anisotropic hydraulic
properties to most of these deposits. Permeability is ordinarily
much greater parallel to the bedding than across the bedding.

Secondary accretionary structures, formed largely by chemical
precipitation, are common in the deposits of the ground-weter reser-
voir and include nodules and layers of calcium carbonate, rosettes of
calcium sulfate, and calcium carbonate root fillings. These struc-
tures decrease porosity and permeability. Other secondery struc-
tures, such as cavities formed by burrowing snails and crstaceans,
cavities formed by the solution of fossil shells, and fractures formed
as a result of desiccation, locally result in a high secondary porosity,
especially in some of the flood-plain deposits.

GEOLOGIC HISTORY

The following brief summary of the Paleozoic geologic history
largely is adapted from Ferguson, Muller, and Roberts (1951).

Most of the Paleozoic rocks of the area were deposited in a fairly
shallow marine environment. A major period of orogenic deforma-
tion, characterized largely by tight folding and thrust faulting,
occurred before Middle Pennsylvanian time. Another period of
orogenic deformation accompanied by volcanism began in the Per-
mian Period, as evidenced in the Sonoma Range where rocks of
Carboniferous age are thrust over rocks of Permian(?) age. Oro-
genic deformation continued in Triassic time and probably culmi-
nated in Jurassic or Early Cretaceous time contemporaneous with
the emplacement of granitic plutons of Jurassic(?) age.

Early Tertiary geologic history is not well documented in the
project area. Volcanism and epeirogenic deformation characterized
by gentle warping and normal faulting probably were the most
significant geologic events in early Tertiary time. The oldest sedi-
mentary deposits of the ground-water reservoir accumulated partly
in a lacustrine and partly in a subaerial environment in late Tertiary
time. These deposits subsequently were broken by normal faults of
large vertical displacement, possibly on the order of 3,000-5,000 feet
or more. Following and perhaps partly contemporaneous with this
deformation, the Tertiary or Quaternary basalt flows were extruded.

The present gross topographic features, including the Fumboldt
River drainage system, were outlined during and following the last
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mentioned interval of structural deformation. Coarse alluvial
wedges of older fanglomerate were deposited along the bases of the
newly uplifted ranges. Finer grained fluviatile and lacustrine de-
posits were formed in the valley lowlands. Continuel relative up-
lift of the ranges deformed the older fanglomerate. Subsequently,
the younger fanglomerate was deposited along the slopes of the
ranges. Its finer grained correlative, the undifferentiated alluvium,
was deposited contemporaneously in the valley lowlands.

Throughout late Tertiary and Quaternary time, intermittent up-
lift along normal faults disrupted the regional drsinage system.
The course of the Humboldt River periodically was blocked by the
newly uplifted mountain ranges; lakes formed in which some of the
fine-grained relatively impermeable strata of the grourd-water reser-
voir were deposited. Eventually, water gaps, such as those at
Emigrant Canyon and the buried gaps at the Winneriucca narrows
and the Rose Creek constriction, were formed.

In response to a change in climate in late Pleistocene time, Lake
Lahontan covered the lowlands of the project area. As the climate
became more humid, the flow of the Humboldt River and its tribu-
taries increased and the lake encroached about as fer eastward as
the Comus gaging station. The lower silt and clay unit was de-
posited in the deeper parts of the lake. Subsequently, in response
to a more arid climate, the level of the lake declined. Eventually,
the lake completely receded from the project area, and alluvial mate-
rial was deposited by streams flowing across the former lake bottom.

In response to increased precipitation, the flow of the Humboldt
River and its tributaries again increased. The river carried large
volumes of coarse material and probably channeled the underlying
deposits. In time, Lake Lahontan again covered the lowlands of
the project area. As the lake rose, rapidly shifting shorelines partly
reworked the coarse material being transported and deposited by the
Humboldt River. In addition, waves reworked some of the alluvial-
fan deposits, and beaches, bars, and spits were formed. All these
well-sorted highly permeable materials formed the medial gravel
unit. As the lake continued to rise, the medial gravel unit was
icovered by the upper silt and clay unit. Most of the gravel bars
exposed at land surface at present were formed near the shore of this
second deep stage of the lake.

Subsequently, the climate again became more arid and Lake La-
hontan receded downstream from the study area toward the Hum-
boldt Sink. The Humboldt River then cut through the upper silt
and clay unit into the upper few feet of the medial gr~vel unit. The
river-cut terraces were formed during pauses in the decline in lake



36 WATER RESOURCES, HUMBOLDT RIVER VALLEY

level. The present flood plain was formed on a river-cut surface
that was covered by about 10-20 feet of largely fluviatile post-lake
Lahontan deposits. The younger alluvium and windblown material
were deposited following the final desiccation of the lake.

SCOPE AND OBJECTIVES OF THE HYDROLOGIC
ESTIMATES

All the components of the hydrologic system that were studied by
the Geological Survey are described in the following sections of the
report. In addition, hydrologic budgets are computed for three time
intervals, water years 1949-62, water year 1962, and December
through June of water year 1962 (p. 122-124). The period, water
years 1949-62, was selected because Humboldt River streamflow data at
both the upstream and downstream margins of the area are available
only for this period. A budget is given for water year 1962 because
the largest measured annual loss of streamflow and the largest
measured increase of ground water in storage occurred during that
year. A budget is given for December through June of water year
1962 because the largest measured seasonal increases of ground water
and surface water in storage occurred during this period.

Hydrologic-budget analyses are not made for the entire project
area as outlined on the maps accompanying this report ; rather, they
are restricted to the storage units shown on plate 4 largely because
nearly all the changes of ground water and surface water in storage
and most of the evapotranspiration occurs in these areas. Accord-
ingly, where appropriate, quantitative hydrologic estimates for the
storage units and for the three time intervals are described in the
following sections of the report.

Inasmuch as all the components of the hydrologic system have not
been studied and because some of the studies have not been com-
pleted yet, preliminary and very approximate estimates of some
components are made to develop the data needed for the hydrologic-
budget analyses.

SURFACE WATER

By R. L. HANSON

The principle objectives of the surface-water studies were to deter-
mine the amount of surface-water inflow and outflow from the area
and to describe the routing and disposition of surface water within
the area. These components of the hydrologic system are empha-
sized in this section of the report; estimates needed for the water-
budget analyses are included.
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Streamflow data were obtained and analyzed at tl'ree recording
stream-gaging stations, and periodic streamflow measurements were
made at 18 intermediate nonrecording gages along the Humboldt
River within the study reach. Tributary streamflow was obtained
for nine small streams entering the project area. Tlose data were
obtained at several measuring sites on each tributary and at a gaging
station on Pole Creek.

The three gaging stations on the main stem of the Humboldt
River are formally designated as “Humboldt River at Comus,”
“Humboldt River at Winnemucca,” and “Humboldt River near Rose
Creek.” In this report these are referred to as the Comus, Winne-
mucca, and Rose Creek gaging stations. The 3 stations and the 18
intermediate stations are given in table 12 and are shown on plate 4.
The gaging station on Pole Creek is formally designated “Pole
Creek near Golconda,” and is referred to as the Pole Creek gaging
station. The location of the Pole Creek station and miscellaneous
streamflow measuring sites on the other tributaries is li-ted in table 7.

INFLOW
HUMBOLDT RIVER

Surface-water inflow to the project area is mainly from the Hum-
boldt River and has been evaluated largely on the basis of long-term
streamflow data obtained at the Comus gaging station. This station
is 9 miles northwest of Golconda and about 3 miles downstream from
the eastern border of the project area. The drainage area of the
Humboldt River above the Comus gaging station is approximately
12,100 square miles.

Monthly and yearly streamflow data for Humboldt River at
Comus are available for 48 water years, 1895-1909, 1911-26, and
1946-62. Most of these data are given in the following U.S.
Geological Survey Water-Supply Papers:

Water-Supply

Water year Paper
1895-1950 _ e 1314
195160 _ . _ - 1734

Beginning with the 1961 water year, annual water-supply papers
were discontinued, and streamflow records at the Comus gaging
station for water years 1961 and 1962 were published in annual
reports entitled, “Surface Water Records of Nevada.”

Table 5 summarizes streamflow at the Comus gaging station for the
48 water years of record. The substantial difference between the
mean and median annual flow, and the very large difference between
the extreme years suggest that there are wide variations in annual
Humboldt River inflow to the study area.
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TaBLE 5.—Summary of annual streamflow at the Comus gaging s*ation

‘Water year Streamflow

(acre-feet)
Mean annuwal _____ ___________ . ________.___.. 1 1895-1962 199, 100
Median annual _ __ . ______________________._ 1 1895-1962 149, 500
Maximum annual ._____________________._____ 1907 688, 100
Minimum annwal . _ _ . __ .. __.________._____ 1920 26, 700

t Does not include water years 1910 and 1927-45.
TRIBUTARY STREAMS

Nine small streams were investigated during water years 1960-62
to estimate the average annual tributary streamflow into tl'» project
area and into the storage units and the amount of this flow that dis-
charges into the Humboldt River as surface flow. The tributaries
investigated south of the Humboldt River were Rock Creek, Pole
Creek, Devils Canyon, Harmony Canyon, Water Canyon, Thomas
Canyon, and Rose Creek. Because Clear Creek, which drains Grass
Valley, had no perceptible flow in the area during the period of
study, a streamflow measuring site was not established. The tribu-
taries investigated north of the Humboldt River were Kelly Creek
and the Little Humboldt River.

The Pole Creek gaging station is the only tributary streamflow
measuring station equipped with a water-stage recorder. This sta-
tion has been used as a basis for estimating the average annual
streamflow from the other major tributaries flowing into th= project
area. Records for Pole Creek are available in “Surface Water
Records of Nevada” for water years 1961 and 1962.

The drainage area between the Comus and Rose Creek gsging sta-
tions is about 3,100 square miles. The tributaries and valleys which
compose this area are listed in table 6. The sum of the drainage
areas of Kelly Creek, Little Humboldt River, and Clear Creek is
about 2,500 square miles, or about 80 percent of the total drainage
area between the Comus and Rose Creek gaging stations. However,
an almost negligible amount of tributary streamflow from these
three basins reaches the Humboldt River.

Kelly Creek flows into the Humboldt River about 2 miles down-
stream from the Comus gaging station. Almost all the flow from
this stream is used upstream for irrigation and seldom reaches the
river. Some flow from Kelly Creek may reach its mouth during the
spring runoff or during periods of high flow when no irrigation
occurs.

The Little Humboldt River, which flows into the Humboldt River
about 2 miles upstream from Winnemucca, is utilized for irrigation
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in Paradise Valley. Most of the remaining flow is blocked by sand
dunes across the valley floor about 6 miles upstream from the mouth
of the Little Humboldt River and forms Gumboot Lake. Surface
flows of about 0.5 cfs (cubic feet per second) and less were observed
near the mouth of the river in April and May of water year 1962.
Most of this flow was ground-water seepage and did not discharge
into the Humboldt River. Normally, the Little Humboldt River is
dry within the study area throughout most of the year.

Clear Creek, which had no significant streamflow in the project
area during the study period, has a well-defined chann-l on the floor
of Grass Valley in the project area, indicating that flov’ has occurred
in the past. A flood flow of 11,000 cfs was measured on Clear Creek
about 13 miles upstream from the project area in Auguvst 1961 (table
15). Virtually all of this flow ponded and was lost by evapotran-
spiration, however, before reaching the study area.

The remaining tributaries investigated, Rock Creel, Pole Creek,
Devils Canyon, Harmony Canyon, Water Canyon, Thomas Canyon,
and Rose Creek compose about 105 square miles of drainage area,
or about 3 percent of the total, between the Comus ard Rose Creek
gaging stations. Table 6 shows that, except for Rock Creek which

“has a drainage area of about 52 square miles, the drsinage area of
each of these tributaries is less than 15 square miles. This relatively
minor part of the total drainage area furnishes mos* of the total
tributary streamflow to the project area.

During the summer months, most of the streams originate at
springs near their headwaters. Snowmelt normally increases the
flow beginning in March or April and ending in June or July.
Occasional thunder showers on these watersheds result in flash floods.

Discharge measurements were made periodically along each tribu-
tary to determine approximately the point of maximum surface flow.
This point, which is most easily determined during periods of low
streamflow, generally ranges between an altitude of 5,000-5,500 feet
for the tributaries studied.

The tributaries above this altitude generally are gaining streams,
which are replenished by springs and snowmelt. Belov’ this altitude
they are losing streams, as the flows evaporate, are transpired, or
percolate into the alluvial fill in the canyon floor. Table 7 lists the
approximate point of maximum flow for each tributary investigated.
Streamflow data for these sites in water year 1960 are listed in
Water-Supply Paper 1714 (U.S. Geol. Survey, 1961b); data for
water years 1961-62 are listed in “Surface-Water Records of
Nevada” (U.S. Geol. Survey, 1961a, 1962).

768-607 O-65—4
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TaBLE 6.—Tributary sireams and valleyscfarming'the total drainage area between
the Comus and Rose Creek gaging stations

Tributary or valley Approximate
(in downstream order) drainage area Remarks
(sq mi)

Kelly Creek..._____.______ 300 | Above mouth.

Rock Creek______________ 52 | Above U.S. Highway 40 crovsing.

Pole Creek._..____________ 13 Do.

Devils Canyon___________ 5 Do.

Little Humboldt River 1, 800 | Above mouth.

(Paradise Valley).

Harmony Canyon._______ 9 | Above U.S. Highway 40 cro-sing.

Water Canyon._-_________ 7 | Above diversion ditch three-quarters of
a mile south of Winnemucca.

Thomas Canyon.___._.____ 11 | Above Grass Valley road crossing.

Clear Creek (Grass Valley) 480 | Above U.S. Highway 40 crossing.

Rose Creek.___ ___________ 8 | Above confluence with Clear Creek
above U.S. Highway 40.

Humboldt River flood- 385 | Between the Comus and Rose Creek

plain and foothill areas. gaging stations; excludes drainage
areas listed above.
Total . ___________ 3, 070

TABLE 7.—Streamflow-measuring stations on iribulary streams al approxzimate
points of marimum sireamflow

Drain- | Alti-
Symbol 1 Designation Location age tude
area (feet)
(sq mi)
Kelly Creek near Golconda Wl4see. 5, T.37TN,, R.43E___...___. 2120 | 25,500
Rock Creek near Golconda.._.______ SENWI see. 1, T'. 34N,R. 34E___| 122 5,440
Pole Creek near Golconda sSwW %}SE%SE% sec. 12, T. 35 N., R. 10.7 4,920
39 K,
abal._____ Devils Canyon near Golconda._______ Ng}%NW%N El4sec.11, T.35 N., R. 4.4 5,080
dbel...._. Little Humboldt River near Win- | SW{NWi4SEl{ sec. 27, T. 37 N., R. | 21,800 4,200
nemucca. .
adel.____. Harmony Canyon npear Winne- SWV%‘SE%NW% sec¢. 36, T. 36 N., R. 6.2 5,190
mucca, .
adel .. Water Canyon near Winnemucea... SW}%SE%N W4 sec. 11, T. 35 N., R. 3.9 5, 680
38 E.
edel._____ Thomas Canyon near Winnemucca, . SW}%SE%SW% sec. 15, T. 35 N., R. 7.2 5,190
abbl______ Rose Creek near Winnemucca.______ NW}{NW%NE% sec.2, T.3¢ N, R. 5.2 5,080
36 E.

! Symbols used to identify streamflow measuring stations shown on pl. 4. Kelly Creek and Rock Creek
stl;exmﬂow. me:unng stations are beyond the marging of the project area and are not shovn on pl. 4.
pproximate.
3 Pole Creek gaging station. All other streamfiow measuring stations are at miscellaneous sites.

During periods of high flow most of the runoff spreads out over
the alluvium into many distributary channels and percolates into
the ground or is diverted into fields for irrigation. Flows of about
20 cfs or less may have reached the river from Rock Cree” and Pole
Creek during periods of high runoff in February, April, and May-
1962. Normally, however, a negligible amount of surface flow
reaches the Humboldt River.
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Total tributary inflow to the project area was estimated for water
years 1961 and 1962. Approximate annual hydrograph< were recon-
structed for each tributary stream studied by comparing streamflow
data at the Pole Creek gaging station with the pericdic measure-
ments made at the approximate points of maximum flow. Based on
these hydrographs, the estimated total inflow for the tributaries
studied was about 2,800 acre-feet in water year 1961 and 12,000
acre-feet in water year 1962. These streams drain approximately
80 percent of the total tributary drainage area contributing stream-
flow to the project area. Accordingly, the estimated total tributary
streamflow was about 3,500 acre-feet in water year 1961 and about
15,000 acre-feet in water year 1962.

Relatively long term records at two nearby gaging stations, Martin
Creek near Paradise Valley and Little Humboldt River near Para-
dise Valley, indicate that streamflow at both stations was about 45
percent of the long-term average in water year 1961 and about 135
percent of the long-term average in water year 1962. Tt is assumed
that the long-term flow characteristics of Martin Creek and the
Little Humboldt River are comparable to those of the smaller
streams in the project area. On this basis, the average annual tribu-
tary streamflow at the points of maximum streamflow in the project
area is estimated to be between 8,000 and 11,000 acre-feet, or roughly
10,000 acre-feet per year.

In water years 1953 and 1958 a total of about 58,000 acre-feet of
flood water from the Little Humboldt River was drained artificially
from Gumboot Lake to the Humboldt River. Excluding this quan-
tity of water, the estimated average annual tributary streamflow that
reached the outer margins of the storage units in water vears 1949-62
was about 4,500 acre-feet; it was about 5,800 acre-feet in water year
1962 and about 5,000 acre-feet in the period December through June
of that year. Ou the average, very little of this water reached the
Humboldt River as surface flow.

If the water that was drained from Gumboot Lake in water years
1953 and 1958 is added to the calculated average annual inflow from
other tributary streams for the period water years 194662, the esti-
mated total average annual inflow from all tributary streams for
that period was about 8,600 acre-feet.

OUTFLOW

Humboldt River streamflow as measured at the Rose Creek gaging
station constitutes almost all the surface-water outflow from the
project area. The drainage area upstream from the gaging station
is approximately 15,200 square miles. Monthly and yearly stream-
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TaBLE 8. —Summary of annual streamflow at the Rose Creek gaging station

‘Water year Streamflow

(acre-feet)
Mean annual _______________________________ 1949-62 155, 400
Median annual . ___________________________ 1949-62 127, 600
Maximum annual____ . ______________________ 1952 535, 800
Minimum annual . _ . ______________________ 1955 21, 840

flow data for the station are available since 1948 and are given in
Water-Supply Paper 1734 (U.S. Geol. Survey, 1963). Records for
water years 1961 and 1962 have been published in “Surface Water
Records of Nevada.”

Table 8 summarizes streamflow data at the gaging station for the
14 complete water years of record, 1949-62. The data show~ that the
median annual streamflow for the period of record is abot 80 per-
cent of the mean annual flow. The maximum recorded annual
streamflow occurred in water year 1952 and was about 25 times
greater than the minimum annual flow which occurred in water
year 1955. The outflow is less than the inflow listed in table 5.

STREAMFLOW CHARACTERISTICS

Streamflow at the Comus gaging station is more dependent upon
precipitation in the headwater area than precipitation in the project
area. Because most of the headwater precipitation falls in the form
of snow, most of the runoff at the Comus gaging station occurs
during the snowmelt period, normally April through June. The
storms producing the snowpack in the upper watershed generally
are regional and cover wide areas. As a result, as shown in figure
10, a fair correlation exists between precipitation at Winnemucca
and streamflow at the Comus gaging station. There is a relatively
close correlation between precipitation and streamflow in water years
1946-62. Both streamflow and precipitation were below everage in
water years 1946-50, 1953-55, and 1959-61, and above average in
water years 1951-52, 195658, and 1962. The graph also shows that
streamflow in 30 years, or nearly two-thirds of the 48 water years of
record at the Comus gaging station, was below average.

The percent of time that a specific daily mean rate of flov occurred
or was exceeded at the gaging station can be ascertained from figure
11, which is a flow-duration curve for the Humboldt River at Comus
for water years 1918-26 and 1946-62, the periods during which
streamflow data were obtained at the site of the present station. The
curve was prepared by the so-called total-period method (Searcy,
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F1GURE 10.—Cumulative departure from average precipitation at Winnemueca for water years 1871-1962
and cumulative departure from average streamflow at the Comus gaging station for water years 1895-1909,
1911-26, 1946-62.

1959, p. 3). A mean annual streamflow of 275 cfs (199,100 acre-feet
per year) at the Comus gaging station was equaled or exceeded
about 25 percent of the time. A daily mean flow of 70 cfs was
equaled or exceeded about 50 percent of the time. Tte daily mean
discharge exceeded 2,000 cfs only about 1 percent of the time and
4,000 cfs about 0.2 percent of the time. The river w~s dry at the
Comus gaging station for a total of 110 days, slightly more than 1
percent of the time. During the present study, it was dry for a total
of 10 days.

Average annual precipitation at Elko, Nev. (near tle headwaters
of the Humboldt River), for the 48 years of streamfow record at
the Comus gaging station was about 10 percent more than the
average annual long-term precipitation at Elko (1870-1962). On
the other hand, average annual precipitation at Winnemucca for the
48 years was about 5 percent less than the average annual long-term
precipitation at Winnemucca (1871-1962). On the kasis of these
data, it is presumed that the 48 years of streamflow record at the
Comus gaging station is reasonably representative of the past 90
years or so.

Data for the 48 years of record at the Comus gaging station and
for the period during which both the Comus and Rose Creek gaging
stations were in operation (water years 1949-62) are summarized in
table 9. Mean annual streamflow for the common period of record
was 14 percent less than that for the long-term pericd of record;
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median annual streamflow was 5 percent more than that for the
long-term period. In addition, the annual maximum end minimum
extremes for the common period very nearly approached the long-
term extremes. Accordingly, in overall aspect streamflow at the
two gaging stations during the common period of record probably
was reasonably representative of long-term streamflow characteris-
tics in the study reach.

Streamflow at the Comus gaging station was about 22 percent of
average in water years 1959-61 and about 160 percent of average in
water year 1962. Thus, the flow of the Humboldt River in the
Pproject area was considerably below average during three of the
four years of the present study and was significantly about average
during the fourth year.

Figure 12 is a bar graph of annual streamflow at the Comus and
Rose Creek gaging stations for the common period of record. The
graph shows that streamflow at the Rose Creek gaging station
generally was less than that at the Comus gaging station. Years of
above average flow at the Comus gaging station corresmonded with
years of above average flow at the Rose Creek gaging station; the
converse was also true.
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FIGURE 12,—Annual streamflow of the Humboldt River at the Comus and Rose Creek gaging stations near
‘Winnemucca, water years 1949-62.
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TaBLE 9.—S8ireamflow, in acre-feet, of the Humboldt River at the Comus gaging

station

Period of record (water years)

1805-1909, 1911-26, 1949-62
1946-62
Mean annual . _______________________.____. 199, 100 172, 100
Median annual .. _________ . _________________ 149, 500 156, 700
Maximum annual ___________________________ 688, 100 558, 500
Minimum annual __ ____________________.____._ 26, 700 27, 530

Monthly and yearly streamflow at the Comus and Rose Creek
gaging stations for the common period of record are listed in table
10; average monthly streamflow is shown in figure 13. The graph
shows that the lowest monthly flow at both gaging stations com-
monly occurs in September and October. This is a result of evapo-
transpiration, and the depletion of channel and bank storage from

42
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FIGURE 13.—Average monthly streamflow of the Humboldt River at the Comus and Rozs Creek gaging
stations near Winnemucca, water years 1949-62; (a) indicates streamflow less than 150 acre-feet.
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the previous spring runoff. Streamflow begins to incresse by Novem-
ber, owing mainly to a reduction of evapotranspiration. By De-
cember, practically no evapotranspiration occurs and streamflow
increases slightly. The flow continues to increase through January
and February as a result of winter precipitation. Cpring runoff
from the winter’s snowpack generally begins in March or April,
resulting in peak flows in May and June. The flow gradually
recedes following the peak as water is used for irrigation and is
consumed by evapotranspiration. Normally, by July most of the
winter’s snowpack has been depleted, water is flowing cnt of channel
storage, and the river is drawing from the ground-weter reservoir.
In August, streamflow continues to decrease as the only significant
source of water is that which is supplied from the ground-water
reservoir. By September or October the river again resches its point
of minimum flow.

The preceding discussion describes the monthly trends in stream-
flow of the Humboldt River during an average water year. Unusual
weather conditions, such as prolonged periods of drought or unusual
storms as exemplified by the February 1962 peak flows, however, may
affect the monthly flow pattern in a given water year.

STREAMFLOW DISPOSITION AND ROUTING
GAINS AND LOSSES

A comparison of the monthly streamflow at the Cor~us and Rose
Creek gaging stations listed in table 10 and summarized in figure 13
shows periods of gains and losses in streamflow betv’een the two
main-stem stations. Some of the more significant hydrologic factors
affecting these gains and losses are the amount of streamflow, avail-
able channel storage, ground-water conditions, soil-moisture condi-
tions, and irrigation practices.

During the 14-year period of common record, about 60-70 percent
of the total flow in the Humboldt River occurred during the spring
runoff in April, May, and June. An average of about 24,000 acre-
feet more water passed the Comus gaging station than the Rose
Creek gaging station during this 3-month period. The loss in
streamflow between the two gaging stations was caused largely by
increases in channel storage, use of water for irrigatior, recharge to
the ground-water reservoir, evaporation from open bodies of water,
and transpiration by vegetation.

Generally, the transition from a losing stream to a grining stream
between the Comus and Rose Creek gaging stations occurs quite
abruptly in June or July. Considerably more water i~ passing the
Rose Creek gaging station than the Comus gaging station by the end
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of the water year as water flows out of channel storage and is dis-
charged from the ground-water reservoir. The river continues to
gain into January as the result of a reduction in evapot-anspiration.
Normally, not until February does the river again become a losing
stream, when the stage of the river rises as the result of winter
precipitation. Thus, the data indicate that on the average the
Humboldt River gains water between the Comus and Rose Creek
gaging stations during the periods of low flow from July through
January, and loses water during the periods of medium and high
flow from February through June.

Table 11 lists the annual net gains and losses of streamflow be-
tween the Comus and Rose Creek gaging station during water years
1949-62 and the percent of total flow at Comus represented by the
gains and losses. Net losses ranged from 53,800 acre-fe~t in 1962 to
5,690 acre-feet in 1955. Net gains ranged from 14,400 acre-feet in
1958 to 680 acre-feet in 1954. In the 14-year period the net loss
averaged about 17,000 acre-feet, or 15 percent of the average annual
flow at the Comus gaging station.

SEEPAGE STUDIES

In September 1959, 18 intermediate streamflow-measuring stations
equipped with staff gages were established on the main stem of the
Humboldt River between the Comus and Rose Creek gaging sta-
tions. Eight of the stations were at or near dams. In addition, in
September 1960 the Geological Survey established the Winnemucca
gaging station about 2 miles north of Winnemucca to measure

TaBLeE 11.—Annual gains or losses in streamflow of the Humboldt River, between
the Comus and Rose Creek gaging stations, water years 1949-62

Gains (+) Percent of annual
Water year or losses (—) flow at the Comus
(acre-feet) gaging station

1949 . . —30, 000 20
1950 . —29, 900 18
1951 . e —25, 000 10
1962 e —22,700 4
1953 ol +8, 000 7
1964 o -+ 680 2
1955 . o e —5, 690 21
1956 _ . —43, 000 18
1967 - e —32,700 14
1958 e + 14, 400 6
1959 . +7,740 22
1960 - e —10, 510 22
1961 . - e —11, 210 31
1962 _ e — 54, 300 18
Average . _ . _ ... —16, 700 15
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Humboldt River streamflow about midway through the study reach.
These stations are listed in table 12 and are shown on plate 4.
During the study period, seepage measurements were made periodi-
cally at the intermediate stations and at the three regular recording
stations to help evaluate seepage gains and losses of the river.
Streamflow data for these stations are listed in Water-Surply Paper
1734 and in the “Surface-Water Records of Nevada” for water years
1961 and 1962.

Seventeen sets of seepage measurements were made during the
period 1959-62, and the results are shown in figures 14-16. Each set
of seepage measurements is defined by plotting the measured stream-
flow at each intermediate and regular gaging station. Lines sloping
upward to the left indicate a gain in streamflow, whereas lines
sloping downward to the left indicate a loss in streamflow.

Table 13 summarizes the results of the seepage measurements.
During periods when the flow was 50 cfs or less, the river was gain-
ing stream. These periods commonly occurred in the late summer,
fall, and early winter. The graphs show that the patterr< of gains
and losses during periods of low flow were very uniform (figs. 14—
16). The gains and losses were caused largely by the interchange of
water between the river and the ground-water reservoir (p. 69-74).
Increases in base flow from the fall to the winter, for example from
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FIGURE 15.—Streamflow measurements along the Humboldt River between the Comus and Rose Creek
gaging stations near Winnemuecca, water year 1961.

October to December 1960 and 1961, resulted largely fom seasonal
reductions in evapotranspiration losses.

Medium to high flows of 50 c¢fs or more occurred in April and
June during the irrigation season. The graphs for these months
show a loss in streamflow between the Comus and Rose Creek gaging
stations, which was due mainly to the diversion of water for irriga-
tion and recharge to the ground-water reservoir. Marl-ed decreases
in flow between some of the intermediate stations during these
months were largely the result of diversions for irrigation of
meadow lands adjacent to the river. Increases in flow probably
were the result of the return flow to the river of some of the water
diverted for irrigation.

Gains and losses during periods of peak flow are related primarily
to the amount of streamflow, the amount of channel and bank storage
available to be filled within the study reach, and the amcunt of water
retained behind dams for irrigation. Gains and losses during these
periods are affected to a lesser degree by evaporation from open
bodies of water and transpiration by vegetation.

Variations in the gains and losses during periods of 1igh flow are
shown by the hydrographs in figure 17 for the Comus, "Vinnemucca,
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FIGURE 16.—Streamflow measurements along the Humboldt River between the Comus and Rose Creek
gaging stations near Winnemucea, water years 1962-63.

and Rose Creek gaging stations during the period February through
July of water year 1962. Table 14 compares the four major peak
flows shown in the figure and lists the peak-flow travel time between
stations.

The rapid increase in .flow in February, reaching a peak flow at
Comus on February 21, was caused by heavy rains on snow upstream
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TaBLE 13.—Summary of seepage measurements between the Comus and Rose Creek
gaging stations, water years 19569-63

Measured streamflow Ne* gain (4) or
loss (—) between
Date of seepage measurements Corus and Rose
Maximum Minimum Creek
(cfs) (cfs) stations (cfs
1959 water year
Sept. 29 o ___ 14.8 o +12.8
1960 water year
Apr. 12-13._ 283 112 —137
June 14-16 310 144 —164
Aug 9-11__ ... 15.2 O] +13.7
Oct. 1819 _ ... 13.5 0 +11.4
Dec. 13-15_ .. 16.2 .07 +14.9
Feb. 1415 ... 31.0 19.0 +6.3
Apr. 11-12_ o ___ 208 79.7 —128
June 12-14__________ . ______ 278 105 —107
Aug. 89 . 17.9 .20 +17.1
1962 water year
Oct. 9-10. . . o _____ 11.8 0 410.3
Dec. 56 . 14. 8 0 +13. 4
Apr.30-May 2_ ... 855 731 —79.0
June 13-17_ ... 1,270 1, 070 —200
Aug. 27-31_ . . 67.8 13. 4 +46.1
1963 water year
Nov. 5-7 o 31.1 .17 +28.6
Deec. 17 e 48.4 27.8 +19.6

1 Less than 0.01 cfs.

from the study area. By the time the peak reached the Winnemucca
gaging station, it had been reduced by nearly 35 percent of the peak
flow at Comus. By the time the peak reached the Rose Creek gaging
station, it had been reduced by nearly 50 percent of the pe~k flow at
Comus. This large reduction in flow was due primarily tc retention
of water behind irrigation dams and storage of water in tl'~ channel
and banks. A second peak flow occurred at the Winnemucca gaging
station on March 8 and 9. Because this peak did not appear up-
stream at the Comus gaging station, it probably was the result of
the release of water stored behind dams between the two s*ations.
The hydrographs also show that the February peak was followed
by three other significant peaks during the spring runoff in April,
June, and July. Preceding the three peaks, the flow incr-ased at a
slower rate than that preceding the February peak. T™is slower
rate of increase in flow is typical of spring-runoff characteristics of
the Humboldt River in the study reach. The peak flows during
February and March filled much of the available channel storage
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FIGURE 17.—Streamflow hydrographs of the Humboldt River at the Comus, Winnemnueeca, and Rose Creek
gaging stations near Winnemucca, February-July of water year 1932

TABLE 14.—Summary of four peak flows at the Comus, Winnemucca, and Rose Creek
gaging stations, water year 1962

Daily mean | Loss in peak | Travel time

Gaging station Date of peak peak flow flow betyeen between
(cfs) gaging stition | gaging station

(cfs) (days)

Comus..__.__ . _____.__ Feb.21________ 1, 690 570 7

Winnemueea__ .. ______.__ Feb. 28________ 1,120 ‘2 45 9

gose Creek_____________ IXIa,r. 2 . 8’;5 .

OMUS_ _ _ . __ pr.14________ 1, 120

Winnemueesa.- - .. _____ Apr. 19-20____._ 915} :128'57’ g}}é
Rose Creek _ .. __..__.___ Apr. 22________ 808 2
Comus_ . _______________ June 5-6_______ 1, 440 290 914
Winnemucea____._______ June 16________ 1, 220 70 213
Rose Creek_____________ June 17-18___._ 1,150 2
Comus_________________ June 29________ 1, 360 <30 514
Winnemueea_ . _____ .. ___ July 4-5________ 1,130 “80 2;
Rose Creek. . __________ July 7. _____ 1,070 2

within the flood plain, leaving little storage space available for the
subsequent peaks. As a result the losses in streamflow for these
three peaks, as shown in table 14, were less than the losses that
occurred during the February peak, and were due primarily to the
diversion of water for irrigation, evapotranspiration, and recharge
to the ground-water reservoir.

The hydrographs show that the highest peak at the Comus gaging

station for the 1962 water year occurred in February, whereas the
768-607 O-65—5
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highest peak at the Rose Creek gaging station occurred in July.
Because much of the available channel storage was fillel by the
February peak, the lower subsequent peaks retained much of their
volume in their progress downstream.

TRAVEL TIME

A correlation between travel time and streamflow requires a very
complex analysis of the channel and flow characteristics of a study
reach. In this report, consideration of streamflow travel time is
limited to a brief analysis of the travel time of wave fronts of peak
flows (Rantz, 1961). Some of the factors which affect streamflow
travel time within the study reach are amount of streamflovr, amount
of available channel storage, amount of water retained behind dams,
roughness, slope, and shape of the channel, and rate of increase or
decrease in streamflow.

The wave front of a peak flow normally travels downst-eam at a
faster rate than the volume of water contained in the peak. The
travel time for the February, April, June, and July peaks during
water year 1962 are shown in table 14. The table shows that travel
time of waves (or peaks) between the Comus and Winnemucca
gaging stations ranges between 515 and 914 days, or 6-10 miles per
day, for peak flows of about 1,000 cfs. Travel time between the
Winnemucca and Rose Creek gaging stations ranges between 2 and
214 days, or on the order of 15-20 miles per day, for peak flows
of the same magnitude.

EVAPORATION LOSSES FROM OPEN BODIES OF WATER

Man has increased water-surface evaporation losses within the
project area by placing various structures across the valley floor.
Numerous road and railroad crossings between the Comus and Rose
Creek gaging stations cause backwater and additional flooding
during high flows. In addition, about 16 small dams store water for
irrigation purposes. Evaporation from water behind the dams and
evaporation resulting from natural flooding are evaluated in the
following paragraphs; however, no attempt is made in this report
to evaluate surface-water evaporation losses from irrigated fields
that often are almost completely inundated artificially for several
weeks at a time.

To estimate the evaporation losses from open bodies of water, the
water-surface area and its relation to the amount of streamflow and
the rate of evaporation from these surface areas were evaluated.
Flood-plain profiles were drawn at 18 of the 21 intermediate and
recording gaging stations utilizing large-scale topographic maps
prepared by the Soil Conservation Service. Four typical profiles
(fig. 18) show that the width of the flood plain varies corsiderably,
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and that the flood plain is characterized by numerous side channels
and depressions. Each of the 18 profiles was assumed to be typical
of the flood plain halfway between the adjacent upstream and down-
stream cross sections. Based on the stage-discharge relation of the
main channel at each profile, a relation between discharge and water-
surface area was determined. The total water-surface area between
the Comus and Rose Creek gaging stations could then be computed.
Figure 19 shows a curve relating the total water-surface area be-
tween the two gaging stations to the average of streamflow at the
two gaging stations. The figure shows that the surface area in-
creases from about 1,000 acres for an average flow of 20 cfs to about
12,000 acres for an average flow of 5,000 cfs.

Wide variations in evaporation rates and water-surface areas
occur throughout the year. Therefore, water-surface evaporation
losses were determined on a monthly basis rather than a yearly basis.
The average monthly streamflow of the river was estimated by
averaging monthly streamflow data at the Comus and Rose Creek

10,000 T T T T — T T T T

5000 - i

1000 - i

100 b

AVERAGE STREAMFLOW, IN CUBIC FEET PER SECOND

10 1 1 I 1 I 1 1 L
0 2 4 6 8 10 12 14 16

WATER-SURFACE AREA, IN THOUSANDS OF ACRES

F1GURE 19.— Relation of total water-surface area between the Comus and Rose Creek geazing stations to
the average of streamflow at the two gaging stations.
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gaging stations. Monthly water-surface areas were then obtained
from the discharge-surface area curve in figure 19. Monthly evapo-
ration rates from free-water surfaces were estimated on the basis of
partial short-term evaporation data near Winnemucca and more
complete yet partial evaporation data at Rye Patch Reservoir, 45
miles southwest of Winnemucca, and at the Fallon experimental
station, 115 miles southwest of Winnemucca. The water-surface
evaporation loss for a given month is the product of the water-
surface area and the evaporation rate for that month. The annual
water-surface evaporation loss for a given year is the summation of
the monthly water-surface evaporation losses for that year.

The relation of annual streamflow at the Comus gaging station
to the estimated annual evaporation losses from free-water surfaces
between the Comus and Rose Creek gaging stations is shown in
figure 20. Evaporation from free-water surfaces was on the order
of 5,000 acre-feet, or 17 percent of the total flow, whon the annual
flow at the Comus gaging station was about 30,000 acre-feet; it was
about 9 percent when the annual streamflow was about 200,000 acre-
feet, and about 5 percent when the annual streamflow was about
500,000 acre-feet.

The following table shows a comparison of the estimated annual
water-surface evaporation losses and annual gains or losses in
streamflow between the Comus and Rose Creek gaging stations for
the seven water years and for the common period of r~cord. There
does not appear to be a close correlation between water-surface
evaporation losses and annual gains or losses in stremmflow. The
table indicates, however, that water-surface evaporation losses are
significant when compared with the annual gains and losses in
streamflow.

Annual gain (+4) or
Water-surface lcss (—) between the
Water year evaporation losses Comus and Rose
(acre-feet) gaging stations
(acre-feet)
1950 e 16, 800 —29, 900
1952 L TTToTTTTmmmmmTT 23, 400 —22,700
1953 TTTToTTmmTmTTTTTC 11, 900 +38, 000
1955_ Tt 4, 650 —5, 690
1958 T 17, 800 +14, 400
1964 o TToTTToTTTT 5, 400 —11,210
1962 _ T 21, 400 — 54,300
Average, 1949-62 ___________________ 14, 000 —17, 000
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FIGURE 20.— Relation of annual streamflow at the Comus gaging station to annual water-surface evaporation
losses between the Comus and Rose Creek gaging stations, water years 1950, 1952-53, 1955, 1958, 1961-62.

The estimated average annual water-surface evaporation loss for
water years 1949-62 is about 14,000 acre-feet. The estimated evapo-
ration loss from free-water surfaces in December through June of
water year 1962 is 14,000 acre-feet.

Some of the factors affecting water-surface evaporation Josses that
were not investigated in this analysis are irrigation flooding, vegeta-
tion of flooded areas, relation between depth of water and evapora-
tion rates, and increased water-surface areas based on daily mean
streamflow rather than monthly mean streamflow. A more complete
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evaluation of these factors would require the collecticn of consider-
ably more data and a more detailed and comprehensive analysis of
the data. However, the results obtained in this study are probably
a reasonable indication of the order of magnitude of evaporation
losses from free-water surfaces and the extent to whicl this evapora-
tion affects the total water budget.

SURFACE-WATER STORAGE

Channel storage has a significant effect on the flow characteristics
and disposition of streamflow throughout the study reach. As a
result of increased channel storage, peak flows are reduced as they
move downstream, surface-water evaporation losses increase, and
the ground-water reservoir is replenished.

The normal channel-storage capacity of the river is greatly in-
creased by the numerous dams in the main channel. Diversions at
the dams flood meadowlands, side channels, and other depressions,
further increasing the surface-water storage capacity. The amount
of surface water in storage varies widely during the irrigation
season when flashboards are added to or removed from the dams,
and diversion structures are opened or closed. No attempt is made
to analyze changes in the amount of surface water in storage as a
result of irrigation practices.

Channel storage was determined in a manner similar to water-
surface area (p. 56-58); that is, a relation between discharge and
cross-sectional area was obtained at each topographic profile. From
this, the relation of the total surface water in storage between the
Comus and Rose Creek gaging stations to the average of streamflow
at the two gaging stations was determined to define the curve shown
in figure 21. The graph shows that surface water in storage between
the two gaging stations increases from about 1,000 acre-feet for an
average streamflow of 10 cfs to about 83,000 acre-feet for an average
streamflow of 5,000 cfs.

On the average, the stage and flow of the river is tI'= same at the
beginning and end of a water year. Accordingly, the net change of
surface water in storage from the beginning to the end of a water
year normally is zero or very nearly so. The flow of the Humboldt
River, however, averaged about 5 cfs at the Comus ard Rose Creek
gaging stations at the beginning of water year 1962 and about 22
cfs at the end of the water year. Thus, the estimated net increase
of surface water in storage for this period was about 1,800 acre-feet.
The flow averaged 7 cfs on December 1, 1961, and 1,170 cfs on June
30, 1962; the estimated net increase of surface water in storage
during this period was on the order of 22,000 acre-feet.
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FIGURE 21.—Relation of total surface water in storage between the Comus and Rose Creek gaging stations
to the average of streamflow at the two gaging stations.

FLOODS

Floods in the Humboldt River and its tributaries are characterized
by several different weather conditions. Peaks of extreme magni-
tude generally occur during the winter, spring, and early summer.
Floods during the winter generally are caused by rain on snow or
heavy rain on frozen ground. Floods during the spring normally
are the result of runoff from the winter’s snowpack. Tl'= magni-
tudes of peak flows are dependent:largely on the amount of snow-
pack in the mountains and on the amount of rain. Heavily concen-
trated rain showers may occur at any time and cause floods of
unusually high magnitude from tributaries having relatively small
drainage areas.

Extremely high flows of the Humboldt River generally inundate
much of the flood plain resulting in loss of livestock and damage to
bridges, roads, railroads, and irrigation structures. Mud and sheet
flows from tributaries occasionally block or wash out roads and
railroads.
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A flood-frequency study was made of the Humboldt River at the
Comus gaging station to evaluate the flood potential cf the river in
that area. This study involved the determination of the magnitude
of peak flows and their frequency, or recurrence interval. The recur-
rence interval may be defined as the average interval cf time within
which a peak flow of a given magnitude will be equaled or exceeded
once.

A method developed by the U.S. Geological Survey (Dalrymple,
1960, p. 16) was used to draw the flood-frequency curve in figure
22, which shows the relation between the annual peak flows and the
recurrence interval. The curve shows that the February 21, 1962,
peak flow of 1,690 cfs at the Comus gaging station has a recurrence
interval of about 4.3 years. In other words the peak flow that
occurred in water year 1962 theoretically would be expected to
occur once every 4.3 years.

The mean annual flood or the peak flow that may bs expected to
occur 50 percent of the time is, by definition (Dalrymple, 1960, p.
29), that flood having a recurrence interval of 2.33 years. From
figure 22, the mean annual flood at the Comus gag'ng station is
about 1,070 cfs.

The magnitude of floods in the upper Humboldt River basin are
not always an indication of the magnitude of floods in the lower
basin. For example, the February 1962 peak flows at many gaging
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FIGURE 22.—Frequency of annual floods, Humboldt River at Comus, water yea~s 1895-1909, 1911-23,
1925-26, 1946-62.



64 WATER RESOURCES, HUMBOLDT RIVER VALLEY

stations in the upper basin were the highest of record, whereas the
highest peak flow of record at the Comus gaging station occurring
during water year 1955.

Relatively few additional data are available on the magnitude and
frequency of floods in the study area. Old newspaper reports indi-
cate that unusually high floods occurred throughout the Humboldt
River basin during water year 1910. No data are availeble, how-
ever, to establish the magnitude of this flood. Unusually high flows
from tributaries in the Winnemucca area occurred in July and
August 1961 as the result of heavily concentrated thundershowers.
Peak-flow measurements were made by indirect methods on Pole
Creek, Thomas Canyon, and Clear Creek, which drain th~ Sonoma
Range. A summary of these peak flows is given in table 15. The
relatively small drainage areas above the measuring sites on these
tributaries contributed a very high unit runoff. Flood flows from
the tributaries carried considerable mud and debris wlich were
deposited on the alluvial aprons. The Pole Creek gaging station
and an earthfill dam on Clear Creek were washed out.

A nearly complete summary of floods in the Humboldt River basin
during the period 1861 to 1962 is available in a report entitled,
“Chronology of Flood Years and High Water Years (Nevada De-
partment of Conservation and Natural Resources and the U.S.
Department of Agriculture, 1962b). A description of the February
1962 flood on the Humboldt River is given in “Floods of February
1962, in Southern Idaho and Northeastern Nevada” (Thomas and
Lamke, 1962).

TABLE 15.—Summary of peak flows on Pole Creek, Thomas Canyon, and Clear
Creek, water year 1961

Drainage

Stream Location area Date Peak flow
(square (cfs)
miles)

Pole Creek______ At the Pole Creek gaging 10.7 | Aug. 6, 1961__| 4,000
station near Golconda,
ev.
Thomas Canyon.{ About 2% miles up- 8.4 | July 3 or 4, 1, 320
stream from the Grass 1961.

Valley Road crossing
and 424 miles south of
Winnemucca, Nev.
Clear Creek...__. About ! mile upstream 32.4 | Aug. 5, 1961__| 11,400
from Clear Creek
Ranch and 17 miles
south of Winnemucca,
Nev.
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GROUND WATER

Those aspects of the ground-water system of the project area
studied by the U.S. Geological Survey are emphasized in this section
of the report. Quantitative estimates of recharge to, discharge from,
and changes of ground water in storage in the storage units outlined
on plate 4 are stressed for the purpose of developing tl'> data needed
for the water-budget analyses. Preliminary estimates of several
components of the hydrologic system are included.

THE GROUND-WATER RESERVOIR

Nearly all the economically recoverable ground water in the
project area and virtually all the ground water closely associated
with the flow of the Humboldt River is in the unconsolidated and
partly consolidated Tertiary and Quaternary sedimertary deposits.
Where saturated, these deposits and a few basalt flows collectively
are termed the ground-water reservoir. Stratigraphic units in the
ground-water reservoir capable of yielding significant quantities of
water to wells are termed “aquifers.” Some ground water probably
occurs in the consolidated rocks of the area in addition to the basalt
flows; however, in overall aspect most of the older consolidated rocks
have little or no interstitial porosity and permeability and therefore
are not considered part. of the ground-water reservoir.

Partly because of erosion but largely as a result of displacement
along normal faults, the bedrock surfaces underlying and bordering
the ground-water reservoir are highly irregular. Ac~ordingly, the
range in thickness of the ground-water reservoir is considerable. In
the mouth of Grass Valley, it is at least several thousand feet thick.
In other areas, such as Emigrant Canyon and the Rose Creek con-
striction, the reservoir is only about 40-50 feet thicY. Along the
margins of the basin where saturated deposits overlap the rocks of
the bordering mountains, it thins to a feather edge.

OCCURRENCE OF GROUND WATER

Water in the ground-water reservoir occurs almost entirely in the
interstices or pore spaces between granular sedimentary particles
and chemical precipitates. The porosity and permeability of the
deposits largely are related to the size and shape of the particles and
the degree of compaction and cementation of the material. Al
other factors being equal, well-sorted material has the most numerous
pore spaces, and coarse-grained material has the greatest perme-
ability. Accordingly, well-sorted coarse-grained strata normally
store and yield the most water and poorly sorted fine-grained strata
normally store and yield the least water. Because of the platelike
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shape of some of the fine-grained particles, because of the loose
compaction, and because of primary and secondary sedimentary
structures, some of the fine-grained deposits in the projects area are
moderately to highly porous and consequently contain relatively
large amounts of water. Nevertheless, because they are fine grained,
these deposits have a low permeability and yield little water to wells.

Little is known about the occurrence of water in the deeper parts
of the ground-water reservoir because no wells in the area are more
than about 600 feet deep. Presumably, deposits similar to the Mio-
cene or Pliocene deposits (table 3) occur at depth; however, it is
difficult to predict at what depth they occur, because they are broken
by faults of large vertical displacement and have been deeply eroded.
Loeltz, Phoenix, and Robinson (1949, p. 26 and pl. 1) indicate that
the older Miocene or Pliocene deposits consist largely of fine-grained
material having low permeability and that they underlie most of
the floor of Paradise Valley below a depth of about 300 feet. The
older deposits apparently were not penetrated by any of the wells
in the mouth of Grass Valley or along the Humboldt River. It is
surmised that the older Miocene or Pliocene deposits tranvmit only
small quantities of water largely because they are fine grained,
structurally deformed, moderately compacted, and partly cemented.

During the drilling of most of the test borings at nearly 175 sites,
ground-water levels did not change with depth, indicating that
ground water occurs under water-table (unconfined) conditions in
most of the shallow deposits. Locally, however, artesian (confined)
conditions occur where lenses of relatively permeable sand and
gravel are interbedded with or overlain by less permeable material
in the alluvial-fan deposits and in the flood-plain deposits.

Beneath the flood plain and river-cut terraces, ground water occurs
under water-table conditions in the medial gravel unit during most
of the year. In the mouth of Grass Valley, artesian conditions
probably occur in the medial gravel unit where it is overlain by the
clay facies of the upper silt and clay unit. (See pl. 1, secticn £-E".)
Locally, water-table conditions probably occur in the sand facies of
the upper silt and clay unit.

Thermal springs and two flowing wells, one thermal and one
nonthermal, define five additional relatively small areas whore water
occurs under artesian conditions. A ground-water mound of thermal
water about 100 feet above the regional water table occurs along the
East Range fault. (See pls. 2 and 8.) The mound is defined by
water levels at springs 85/36-28abal and 85/36-28dccl and by the
water level in well 35/36-27bbb1. Flowing well 36/38-19dce1, which
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is in the city of Winnemucca, reportedly penetrated mostly fluviatile
deposits to a depth of 499 feet and basalt to a deptl of 525 feet;
reportedly, it has an artesian head of about 10-12 fe>t above land
surface. Well 37/39-8dccl is the only flowing well in the mouth of
Paradise Valley and reportedly is the only well discharging thermal
water in Paradise Valley (Loeltz and others, 1949, p. 33-34). The
well is 61 feet deep, flows at a rate of about 2 gpm, and discharges
water having a temperature of about 158°F. Thermal water having
a maximum temperature of 148°F forms a ground-water mound
just west of Golconda. The mound, which is about 50 feet above the
regional water table, is defined by the levels of spring pools and by
the water level in well 86/40-29cdal. The fifth area of artesian flow
occurs about 2 miles north of the Comus gaging station, where
springs 36/41-2aacl and 36/41-2aac2 discharge thermal water.

SOURCE AND MOVEMENT OF GROUND WATER

Infiltration of precipitation within the Humboldt F‘ver drainage
basin is the ultimate source of nearly all the ground water in the
project area. As described subsequently in the report the direct
infiltration of precipitation probably contributes only a small part
of the average annual ground-water recharge. Rather, the source
of most of the ground water is seepage of streamflow, the ultimate
source of the streamflow being precipitation.

The source of the apparently small amount of thermel water in the
area is not known. That the water is hot suggests possible deep
circulation through fractured zones in the consolidated rocks.

DIRECTION OF MOVEMENT

Ground water moves in the direction of least hydraulic head, per-
pendicular to water-level contours, from recharge areas to discharge
areas. Plates 2 and 3 show water-level contours based largely on the
altitude of water levels in wells that penetrate only the upper few
feet of the zone of saturation and on the altitude of the Humboldt
River at 21 staff gages. Accordingly, the maps do not necessarily
indicate the precise direction of ground-water movement at any
appreciable depth below the top of the zone of saturation, especially
in areas underlain by confined aquifers. As previously indicated,
however, most of the aquifers in the area probably contain uncon-
fined water; therefore, the maps probably indicate the general hori-
zontal component of the direction of ground-water movement to a
depth of several hundred feet in most parts of the project area.
Loeltz, Phoenix, and Robinson (1949, pl. 1) show w-ter-level con-
tours in the mouth of Paradise Valley; these contours are based on
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the altitude of water levels in moderately deep wells. In overall
aspect, these contours are similar to those shown on platesr 2 and 3.
This suggests that the general direction of the horizontal component
of ground-water movement at depth probably is similar to that in
the shallow aquifers.

Plate 2 shows water-level contours in December 1961. Contours
showing artesian heads near the East Range fault and near Golconda
are shown;.however, inasmuch as only meager data are available
relative to the extent of other artesian aquifers in the area, artesian
heads in the two flowing wells in the area and of the springs near
the Comus gaging station are not shown. Although the shape of
the contours change from day to day and season to season, their
overall shape during most of the year (normally from about late
July to mid-April) remains about the same. Thus, during most of
the year, the gross direction of ground-water movement is, as shown
on plate 2, toward the Humboldt River and thence westward and
southwestward roughly parallel to the river.

RATE OF MOVEMENT
Most of the ground water in the project area moves at rates ranging
from a small fraction of a foot to a few hundred feet per year, depending
on the porosity, permeability, and hydraulic gradient. Excopt under
special circumstances, such as flow through large fractures o~ solution
openings in consolidated rocks or flow through highly permeable
unconsolidated aquifers having unusually steep hydraulic gradients
(as in the vicinity of pumping wells), the quantity of grovnd-water
flow or underflow can be computed by the equation
Q=PIA, 0
where Q=the quantity of ground-water flow in gallons per cay,
P=the field coefficient of permeability in gallons per day per
square foot,
I=the hydraulic gradient in feet per mile, and
A=the cross-sectional area through which the flow oc~urs.
The rate of flow in feet per day, V, through a given secticn having
a cross-sectional area, A, can be computed from the equation
Q@ _PIA
T 748n 7480 @
where n is porosity expressed in percent and 7.48 is a factor for con-
verting gallons to cubic feet.
The following data and computations illustrate the method of cal-
culating the velocity of ground-water flow. Sample 35/36-19dbc1-2
had a laboratory coefficient of permeability of 1,400 gpd per sq ft and
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a porosity of about 38 percent (table 4). The estimated field coeffi-
cient of permeability of the material is about 1,350 gpd per sq ft.
The hydraulic gradient in the aquifer near the well from which the
sample was obtained normally is about 4 feet per mile. For econven-
ience, the cross-sectional area through which the flow occurs may be
taken as 1 square foot. Substituting these data in equation 2,

4 1
V=(1,350) [5,280] [7.48)(0.38]*0'36 of a foot per day,

or about 130 feet per year. Because the field coefficient of permea-
bility of most of the flood-plain deposits probably is somewhat less
than 1,350 gpd per sq ft and because the hydraulic gradient commonly
is not more than 4 feet per mile, the average velocity of ground-water
flow in these deposits is assumed to be somewhat less than 130 feet
per year.

The estimated average field coefficient of permeability of the medial
gravel unit is 5,000 gpd per sq ft (p. 33). Its estirmated average
porosity is about 30 percent. Thus, where the hydraulic gradient is
4 feet per mile the velocity of ground-water flow in the unit is,

V= (5,000) [ ] 1.7 feet per day,

5 280] [7 4830.30

or about 600 feet per year. Where the hydraulic gradient is steeper

the velocity is proportionately greater.

GROUND-WATER MOVEMENT AND ITS RELATION T? THE FLOW
OF THE HUMBOLDT RIVER

As described in a subsequent section of the report (p.75), ground-
water movement and its relation to the flow of the Humboldt River
in December are highly significant with respect to the quanti-
tative analysis of ground-water inflow from tributary areas. More-
over, many of the observed hydrologic features of the project area
can be explained on the basis of interrelations betweer the river and
the ground-water reservoir.

Normally in December, very little water is diverted directly from
the river, no tributary streamflow discharges into the river, no sig-
nificant changes in channel storage occur, and virtually no decreases
in streamflow occur as a result of evaporation and transpiration.
Pumping in December is almost entirely for domestic and municipal
use in Winnemucca. In the past 10 years, pumpage in the vicinity
of Winnemucca in December probably averaged about 0.5 cfs. Much
of this water and some springflow (p. 92) was discharged into the
river through the municipal sewage plant in the NV, SE1,NE1,
sec. 30, T. 86 N., R. 88 E. The estimated rate of sewage effluent
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discharging into the river was slightly less than the pumpage and
spring discharge used in Winnemucca. Some of the pumpage
probably was indirectly diverted from the river (p. 133). For the
sake of simplicity, it is assumed that the amount of water diverted
from the river by pumpage was approximately equal to th~ amount
of return flow to the river through the sewage plant. Inasmuch as
the sewage plant is less than 0.5 mile downstream from the principal
area of pumpage, the effects on the flow of the river of pumpage and
the discharge of sewage effluent into the river in December are
presumed to cancel each other.

The shape of the water-level contours, as they cross the Humboldt
River, indicates the relations between the river and the ground-water
reservoir. Figure 23 shows the diagrammatic shape of wrter-level
contours as they cross the stream for various conditions slong the
Humboldt River. Figure 23, A shows ground-water seepage to the
river where the hydrostatic head in the aquifers is greater than that
in the river. Figure 23, B shows seepage from the river to the aqui-
fers where the head in the aquifers is less than that in the river.
Figure 23, € shows ground-water flow parallel to the river where
the head and gradient in the aquifers is the same as that in the river.
Figure 23, D shows a reach of the river where ground water moves
obliquely across the trend of the river because the head in the
aquifers on one side of the river is greater than that in the river,
and the head in the aquifers on the other side of the river is less
than that in the river. Figure 23, £ shows the shape of water-level
contours at a dam. Some distance upsfream from the dam, ground-
water movement is roughly parallel to the river; immedistely up-
stream, ground-water movement is away from the river; immediately
downstream, ground-water movement is toward the river.

Streamflow measurements along the Humboldt River in December
1961 are shown in figure 16. The flow at the Comus gaging station
(sta. A) was 0.15 cfs and increased to about 0.5 cfs at s‘ation F
as a result of ground-water seepage to the river. This is verified by
the shape of the water-level contours between stations A and F (pl.
2) which were slightly concave downstream, indicating ground-
water movement toward the river. The flow increased to sbout 1.4
cfs at station H. As suggested by the shape of the water-level con-
tours shown on plate 2, the increase in flow was a result of ground-
water seepage from the deposits adjacent to the river near the
Stahl Dam (sta. F) and ground-water underflow to the river from
the drainage basin of Rock Creek. A small part of the increase in
flow may have been the result of subsurface inflow to the river of
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FIGURE 23.—Diagrammatic shape of water-level contours as they cross the Humboldt River for various
conditions along the river. Solid arrows indicate the direction of streamflow; dashed arrows indicate the
horizontal component of the direction of ground-water movement. A. Seepage to theriver. B. Seepage
from the river. C. Underflow parallel to the river; no seepage gain or loss. D. Seepage to and from the
river. E. Seepage gains and losses by a dam,

thermal water from the hot-spring system near Golconda. Stream-
flow decreased to 0.7 cfs at station K. In this reach, the contours
were oblique to the general trend of the river suggesting ground-
water movement from the southeast toward the river (probably
largely from the Pole Creek drainage basin) and ground-water
movement away from the river toward the northwest. Apparently,
streamflow decreased because the rate of movement away from the
river toward the northwest was greater than the rate of movement
toward the river from the southeast.
768-607 O-65—6



72 WATER RESOURCES, HUMBOLDT RIVER VALLEY

Streamflow increased to about 5.1 cfs at station N. The increase in
flow was partly a result of ground-water underflow to the river from
the north and northeast and partly a result of a decrease in the cross-
sectional area of the ground-water reservoir in the Winnemucca
narrows. The width of the medial gravel unit at station O is several
times the width of the unit in the Winnemucca narrows (pl. 1).
The increased width resulted in seepage losses from the river between
stations N and O.

The increase in stieamflow from about 3.7 cfs at station O to 14.8
cfs at station S was partly the result of ground-water underflow
from Grass Valley and the northwestern slope of the Sonoma Range
discharging into the river and partly the result of a partial barrier
to ground-water movement at the Rose Creek constriction. The con-
tours shown on plate 2 indicate that some ground water moved
southwestward from the mouth of the valley parallel to the river as
ground-water underflow. In the vicinity of station S, the cross-
sectional area of the medial gravel unit decreases markedly where
it overlies consolidated rock in the Rose Creek constriction (pl. 1,
section F-F’) causing ground water to move upward and laterally
into the river. The abrupt flattening of the hydraulic gradient im-
mediately upstream from station S probably is related to the partial
bedrock barrier which funetions as a subsurface dam. S-eemingly,
the relatively flat hydraulic gradient is analogous to a pond upstream
from a surface-water dam. The steep hydraulic gradient down-
stream from station S is comparable to the spillway of a surface
dam.

Streamflow decreased about 1.3 cfs between stations S and U in
December 1961. Virtually all of the decrease occurred between sta-
tions S and T where the cross-sectional area of the medial gravel
unit increases markedly downstream from the bedrock barrier.

Because the shape of the contours shown on plate 2 remeains about
the same during low-flow periods, ground-water movement and the
resulting changes in the flow of the river during most of the year
are similar to those already described. However, during periods of
high streamflow, which normally occur during the spring runoff,
the shape of the water-level contours and, accordingly, the direction
of ground-water movement near the river changes markedly. Plate
3 shows the shape of water-level contours in June 1962. Streamflow
in the spring of 1962 was above normal (table 10). Accordingly,
the altitude of the contours probably was somewhat higher than
average for June.

In June 1962, a pronounced ground-water ridge develovmed along
the Humboldt River. As a result of the rapidly rising and rela-
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tively high stage of the river, ranging from about 3 to 7 feet above
the stage in December 1961, water moved from the river to the
ground-water reservoir. A loss of streamflow of about 200 cfs was
measured between the Comus and Rose Creek gaging stations on
June 13-17, 1962 (fig. 16). However, because of diversions for irri-
gation, evaporation, transpiration, and increases in channel storage,
only a small part of the measured loss entered the ground-water
reservoir.

The fact that the average rate of ground-water movement in the
flood-plain deposits is probably less than 130 feet per year (p. 69)
bears directly on the character of the ground-water ridge formed
along the Humboldt River in June 1962. In places the ridge was
more than a mile wide. Obviously, if the river functioned as a line
source of recharge, ground water could not have moved this far
from the river during the few months it took for the ridge to form.
If the saturated flood-plain deposits were largely confined; that is,
if the water were under artesian pressure, the ground-water ridge
largely would reflect an increase in artesian pressure which would
occur in a relatively short period of time. Some aspects of the
ground-water ridge shown on plate 3 may have be°n related to
increased artesian pressure; however, in overall asp2ct the ridge
probably was indicative of a rise in the water table and the actual
movement of water to the ground-water reservoir rather than
merely a transmission of pressure. In addition to the river func-
tioning as a line source of ground-water recharge, it also supplies
water to many of the depressions on the flood plain as a result of
natural flooding or diversions for irrigation. Each of the filled
depressions serves as a source of ground-water recharge. Because
the depressions occur throughout virtually the entire flood plain and
because they are closely spaced, ground water actually moves
relatively short distances from the sources of recharge.

During the period of high river stage in June 1962, ground water
continued to move toward the Humboldt River valley from tributary
areas. At the same time, the hydrostatic head in the river was
above that in the immediately adjacent aquifers causing ground-
water movement from the river to the ground-water rerervoir. This
resulted in the formation of two troughs in the water-level surface,
one on each side of the river, parallel to the ground-water ridge
along the river. The troughs were especially well cefined in the
mouth of Grass Valley and north of the river opposite the mouth of
Grass Valley. Ground water apparently moved into the troughs
and thence southwestward parallel to the river. Excep¢tions occurred
in the reach of the river extending about a mile downstream from
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station Q and in the vicinity of station H where ground water
probably discharged into the river.

Ground-water levels in June 1962 were at or very cIan to land
surface in the flood plain of the Humboldt River between the Stahl
Dam and station C. In other words, the ground-water reservoir
was nearly full. As a result, virtually no water moved from the
river to the ground-water reservoir. K Accordingly, the wrater-level
contours in this reach were practically perpendicular to the river.

The average rise of ground-water levels from December 1961 to
June 1962 in the flood-plain deposits near the western margin of the
project area was 2.8 feet. (See table 23.) A few miles upstream,
the average rise was 5.7 feet. The increase in the stage of the river
and the geology of the flood-plain deposits in both areas are com-
parable. The difference in the average rise of water levels was
largely a result of irrigation practices; a comparatively small
amount of water was diverted for irrigation in the former area,
whereas a considerable amount was diverted in the latter area.
Thus, it seems that the ground-water ridge was formed partly by
the infiltration of irrigation water diverted from the river and in
large part probably reflected a rise in the water table rather than
an increase in artesian pressure.

In the late summer of water year 1962 after the stage of the river
declined following the spring runoff, the ground-water ridge and the
parallel troughs dissipated largely as a result of the return flow of
bank storage to the river. The shape of the water-level contours
again closely resembled that of the contours shown on plate 2.

RECHARGE

Practically all the ground-water recharge to the stor~ge units
outlined on plate 4 results from subsurface ground-water inflow,
infiltration of streamflow and diverted irrigation water, and the
direct infiltration and deep percolation of precipitation.

SUBSURFACE GROUND-WATER INFLOW

The areas that contribute most of the subsurface ground-water
inflow to the storage units are, in upstream order, Grass Valley and
the northwestern slope of the Sonoma Range, Paradise Valley, the
drainage basins of Pole Creek and Rock Creek, herein referred to as
the Pole Creek-Rock Creek area, and the Humboldt River valley
upstream from the storage units. Subsurface inflow from the re-
maining parts of the project area is considered negligible because
of the comparatively small watersheds of these areas and because
of the shape of the water-level contours shown on plates 2 and 3.
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Total subsurface inflow and that from each of the mesjor tributary
areas was computed on the basis of increases in the flow of the
Humboldt River and differences between underflow through key
sections perpendicular to the river. Although seasonal changes in
ground-water levels of as much as 10 feet occur near the Humboldt
River, ground-water levels commonly fluctuate within a compara-
tively narrow range, commonly only a fraction of a foot, near the
margins of the storage units. Accordingly, hydraulic gradients,
and therefore the amount of subsurface inflow to the storage units,
remain nearly constant.

In December of most years, very little ground water was dis-
charged by pumping and virtually none by evapotranspiration. In
water years 1955, 1960, and 1961, ground and surface water in
storage remained nearly constant. Accordingly, in those years
virtually all the subsurface inflow to the storage units discharged
into the Humboldt River or discharged out of the proiect area near
the Rose Creek gaging station (p. 92). The averag> increase in
flow between the Rose Creek and Comus gaging station in December
of water years 1955, 1960, and 1961 was about 900 acre-feet, or 15
cfs. Because of the preceding years of drought, little or none of the
gain in streamflow in these years was caused by the roturn flow of
bank storage. Furthermore, streamflow at the Comus gaging station
was nearly constant during the preceding few monthe. Thus, the
sum of the average increase in streamflow of about 15 cfs plus the
estimated underflow out of the project area near the Rose Creek
gaging station, about 4 cfs (p. 92), probably is a reasonably ac-
curate estimate of the amount of subsurface ground-water inflow to
the storage units. Because the hydraulic gradients near the margins
of the storage units remain virtually constant throughout the year,
the estimated average annual recharge by subsurface ground-water
inflow to the storage units was about 19 cfs, or about 14,000 acre-feet
per year.

Subsurface inflow to the storage units from each of the major
tributary areas was estimated separately by evaluating the increase
in flow of the Humboldt River in December of water years 1960 and
1961 (figs. 14 and 15) and differences in the amount of underflow
moving through cross sections perpendicular to the river at station
C, half a mile downstream from station K, at station O, and half a
mile downstream from station S. Most of the underow through
these sections probably occurs in the highly permeable medial gravel
unit and can be estimated by means of the following equation:

Q = TIW, (3)
where ¢ and 7 are as previously defined (p. 68), 7' is the coefficient
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of transmissibility in gpd per ft (p. 27), and W is the width, in
miles, of the saturated deposits perpendicular to the direction of flow.

The water-level contours shown on plate 2 were practically iden-
tical to those in December of water years 1960 and 1961. Accord-
ingly, values for the hydraulic gradient and width of the cross
sections were obtained from plate 2. Values for the coefficient of
transmissibility were estimated largely on the basis of the estimated
average field coefficient of permeability of 5,000 gpd per sq ft
(p. 33) multiplied by the average thickness of the medial gravel
unit at each section. These data and computations and the estimates
of underflow through the four key sections across the Humboldt
River valley are listed in table 16. Ranges are given fov the esti-
mated coefficients of transmissibility because of the limited data on
permeability and thickness. The ranges in the coefficients of trans-
missibility are believed to be sufficiently large to allow for underflow
occurring in the deposits adjacent to and beneath the medial gravel
unit.

GRASS VALLEY AND THE NORTHWESTERN SLOPE OF THE SONOMA RANGE

As suggested by the relation between ground water and the Hum-
boldt River in December (p. 69) and by the water-level contours
shown on plate 2, most of the subsurface inflow to the stovage units
from Grass Valley and the northwestern slope of the Sonoma Range
discharged into the Humboldt River between stations O and S in
December of water years 1960 and 1961. Thus, subsurface inflow
from Grass Valley and the northwestern slope of the Sonoma Range
was equal to the increase in streamflow between stations O and S in
December of water years 1960 and 1961, which averaged about 11
cfs (figs. 14 and 15), minus the decrease in underflov moving
parallel to the Humboldt River near stations O and S. The esti-

TaBLE 16.—Estimated underflow through selected sections perpendicular to the
Humboldt River

(&) @ @ @) ®

Estimated aver- | Approximate Estimatd underflow !
age coefficient of | water-table | Approximate
Location of sections transmissibility ‘gradient width of sec-
(gallons per day (feet per tion (miles) | Cubiec feat | Acre-feet
per foot) mile) per secord | per year
(rounded) | (rounded)
Atstation C_____________________ 100, 000-200, 000 3 1 0.5-1 350-700
Half a mile downstream from
station K______________________ 200, 000-300, 000 4 3 3.5-5.5 | 2, 500-4, 000
Atstation O________.__. ________ 400, 000-600, 000 4 2 5-7.5 | 3, 500-5, 500
Half a mile downstream from
station S______________________ 200, 000-300, 000 8 1 2.5-3.5 | 2,000-2, 500

! Column 5 is the product of columns 2, 3, and 4.
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mated underflow past station O was 2.5—4 cfs more than the under-
flow ‘past station S (table 16); therefore, total subsurface inflow
from Grass Valley and the northwestern slope of the Sonoma Range
was 11 cfs minus 2.5-4 cfs, or 7-8.5 cfs. Accordingly, the estimated
average annual subsurface inflow from Grass Valley and the north-
western slope of the Sonoma Range is about 5,000-6,000 acre-feet per
year.

This estimate is less than that given by Robinson, Loeltz, and
Phoenix (1949, p. 60-63), who observed that the flow of the Hum-
boldt River increased an average of about 23 cfs between stations
O and T in September and October 1947. Most of the increase in
flow was attributed to subsurface inflow from Grass Valley. Largely
on this basis, it was presumed that the average annual subsurface
inflow from Grass Valley was somewhat less than 16,700 acre-feet.
This estimate is considered too large because the results of this study
indicate that the increase in the flow of the river between stations
O and T in September and October 1947 probably resulted not only
from subsurface inflow from Grass Valley but also from the return
flow of bank storage.

PARADISE VALLEY

Most of the subsurface inflow from Paradise Valley in December
of water years 1960 and 1961 probably discharged into the Hum-
boldt River between stations K and O. The increase in streamflow
between the two stations averaged about 2.7 cfs (figs. 14 and 15).
The estimated underflow parallel to the Humboldt River near station
K was 1.5-2 cfs less than underflow near station O (table 16). Thus,
the estimated inflow from Paradise Valley was about 4-5 cfs or
about 8,000-3,500 acre-feet per year. This agrees closely with the
estimate of 3,200 acre-feet made by Loeltz, Phoenix, and Robinson
(1949, p. 42).

POLE CREEK-ROCK CREEK AREA

Virtually all the subsurface inflow from the Pole Creek-Rock
Creek area discharged into the Humboldt River valley between sta-
tions C and K in December of water years 1960 and 1961. The in-
crease in streamflow between the stations averaged about 1.1 cfs
(figs. 14 and 15). The estimated underflow parallel to the Hum-
boldt River was 3-4.5 cfs greater near station K than near station C
(table 16). Therefore, the estimated subsurface infow from the
Pole Creek-Rock Creek area was about 4-5.5 cfs, or about 3,000-4,000
acre-feet per year.
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HUMBOLDT RIVER VALLEY UPSTREAM FROM THE STORAGE UNITS

Practically no ground water was discharged between station A,
near the upstream margin of the study area, and station C in Decem-
ber of water years 1960 and 1961. The change in streamflow of the
Humboldt River between the stations was negligible. Therefore,
underflow near station C was a measure of subsurface inflow to the
storage units near station A. The estimated underflow nesr station
C and, accordingly, the estimated subsurface inflow derived from
the Humboldt River valley upstream from the project area, was
0.5-1 cfs (table 16), or about 350700 acre-feet per year.

SUMMARY OF ESTIMATED GROUND-WATER INFLOW TO THE STORAGE UNITS

The estimated average annual ground-water inflow from major
tributary areas to the storage units in the project area is shown in
table 17. The estimated total average annual subsurface inflow ob-
tained by adding the inflow from each of the areas agrees reason-
ably well with the estimated total average annual inflow of 14,000
acre-feet calculated on page 75.

INFILTRATION OF STREAMFLOW
TRIBUTARY STREAMFLOW

In the mountains, part of the tributary streamflow infiltrates into
fractures and other openings in the consolidated rocks. Sore of this
water is discharged by springs and by evapotranspiration and some
moves valleyward as ground-water underflow toward the Ifumboldt
River. Seepage measurements along the tributary streams indicate
that streamflow normally decreases progressively downslope on the
aluvial aprons (p. 39). Much of the decrease in flow, especially
during the spring and summer, results from evapotran-piration.
However, that part of the streamflow that infiltrates into the de-

TABLE 17.—Estimated average annual recharge from subsurface ground-water
inflow to the storage units

QGround-water inflow

Areas contributing ground-water inflow
Cubic feet Acre feet per year
per second
Grass Valley and the northwestern slope of the
Sonoma Range_ - ___________________________. 7-8. 5 5, 0006, 000
Paradise Valley_________________ . ______________ 4-5 3, 000-3, 500
Pole Creek-Rock Creek area_ _ ___________________ 4-5. 5 3, 000-4, 000
Humboldt River valley upstream from the storage
NS o e .5-1 350-700
Total (rounded) .. - .. ______ ... __._ 15-20 | 11, 000-14, 000
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posits in excess of field capacity percolates downward to the ground-
water reservoir.

Insufficient data are available to determine the amount of recharge
from tributary streams; however, recharge occurring in this manner
and recharge resulting from the infiltration of some of the tributary
streamflow diverted for irrigation are the source of most of the
ground-water inflow to the storage units and are included in the
estimates listed on page 78 and in table 17.

In water years 1949-62 an estimated average of 4,500 acre-feet per
year of tributary streamflow discharged into the storage units and
virtually none of it discharged into the Humboldt River. Thus,
nearly all of this water either was lost by evapotranspiration or re-
charged the ground-water reservoir beneath the storage units. In-
sufficient data are available to evaluate this element of ground-water
recharge to the storage units. It may have averaged about 1,500-
2,000 acre-feet per year.

HUMBOLDT RIVER STREAMFLOW

Figure 24 shows hydrographs of the stage of the Hurboldt River
at the Winnemucca gaging station and ground-water levels in well
36/38-19ddcl. In overall aspect, the deposits tapped by the well
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FIGURE 24.—Hydrographs of the stage of the Humboldt River at the Winnemucea gaging station (top)
and the water level in well 36/38-19ddc1 (bottom), calendar year 1962,
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are in hydraulic continuity with the river. As the stage cf the river
rises, ground-water levels rise, and the converse is true. Although
seepage losses to the ground-water reservoir occur along some reaches
of the Humboldt River throughout most of the year, most of the
recharge resulting from the infiltration of Humboldt River water
commonly occurs in April, May, and June when the stag~ and flow
of river normally are at their yearly highs.

Natural flooding, but more commonly, flooding resulting from the
installation of temporary dams and headgates for irrigation, re-
charges the ground-water reservoir. Some of the floodwater flows
into oxbow lakes, floodflow channels, and other depressions on the
flood plain. During the spring and early summer, these depressions
commonly intersect the water table, and flood water flewing into
the depressions directly enters the ground-water reservoir. Infiltra-
tion losses from irrigation ditches and the downward percolation of
some of the excess irrigation water diverted onto cultivated fields
and meadows also recharges the ground-water reservoir. Some of
the surface water applied for irrigation is consumed by vegetation,
some evaporates from the land surface, and some evaporates from
the zone of soil moisture. The amount that enters the ground in
excess of field capacity percolates to the water table.

Virtually all the ground-water recharge resulting from the infil-
tration of Humboldt River water normally occurs in the stcrage units
outlined on plate 4 in April, May, and June. The average annual
measured loss of streamflow between the Comus and Rose Creek
gaging station during those months was 24,000 acre-feet. However,
as previously noted not all of this water recharged the ground-
water reservoir, and although much of it probably did, orly the net
amount could be identified. Based on the estimated net average
annual increase of ground water in storage in the spring and early
summer, the estimated net average annual ground-water recharge
from the Humboldt River is about 10,000 acre-feet.

DIRECT INFILTRATION OF PRECIPITATION

Average annual precipitation at the Winnemucca weatker station
in water years 1949-62 was about 7.6 inches. The total area of the
storage units is about 93,000 acres (table 23). Thus, the average
annual precipitation on the storage units in water years 1949-62 was
about 59,000 acre-feet. Most of this precipitation evaporated from
land surface soon after it occurred or was stored in th» zone of
aeration and subsequently was lost by evapotranspiration.

Practically all the recharge resulting from the direct infiltration
of precipitation on the storage units probably occurred on the flood
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plain during the spring and early summer when the water table and
the overlying capillary fringe were locally at or close to land surface.
Because (a) these areas were comparatively small, ranging from
about 10,000 to 20,000 acres, (b) the length of time during which
ground-water levels were fairly close to land surface normally was
not more than 3 months (April, May, and June), (c) precipitation
during those months averaged only about 2 inches, and (d) evapo-
transpiration rates were moderately high during this time, the esti-
mated average annual ground-water recharge from this source in
water years 194962 was only about 2,000 acre-feet.

Most of the deposits at land surface in those parts cf the storage
units other than the flood plain are fine grained and have a high
field capacity. Moreover, ground-water levels averaged more than
10-15 feet below land surface and were locally more than 50 feet
below land surface. Accordingly, nearly all the pre-ipitation on
these areas probably evaporated from land surface soon after it oc-
curred or was stored in the upper few feet of the zone of aeration
and subsequently was consumed by evapotranspiration.

In addition to the 2,000 acre-feet of precipitation that recharged
the ground-water reservoir, about 600 acre-feet fell on the Humboldt
River and was discharged from the storage units as streamflow.
Thus, in water years 1949-62, it is estimated that an average of
about 56,000 acre-feet of precipitation on the storage nnits was lost
by evapotranspiration annually from the land surface and from the
zone of aeration.

About 7.7 inches of precipitation, or about 60,000 acre-feet, fell
on the storage units in water year 1962. It is estimated that about
2,000 acre-feet recharged the ground-water reservoir and that about
1,000 acre-feet fell on the Humboldt River and was discharged from
the project area as streamflow. The remainder, abou* 57,000 acre-
feet, was consumed by evapotranspiration. About 6 inches of pre-
cipitation, 47,000 acre-feet, fell on the storage units in December
through June of water year 1962. It is assumed that most of the
precipitation during this period, about 40,000 acre-feet, was con-
sumed by evaporation; the remainder was stored in the zone of
aeration and subsequently consumed by evapotranspiration in July,
August, and September.

The soil mantle is comparatively permeable in most of the project
area outside the storage units, especially in the mountains and on
the alluvial aprons. Moreover, larger amounts of precipitation
occur in these areas. Accordingly, the amount of recharge resulting
from the direct infiltration of precipitation is consicerably larger
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than that occurring in the storage units. This aspect of the hy-
drology was not studied quantitatively; however, nearly all the re-
sulting recharge moves downgradient as subsurface ground-water
inflow to the storage units and thus is included in the estimates
listed on page 78 and in table 17.

DISCHARGE

Ground water is discharged from the project area by seepage to
the Humboldt River, evapotranspiration, subsurface outflow near
the Rose Creek gaging station, springflow, and pumping.

DISCHARGE INTO THE HUMBOLDT RIVER

When and where the hydrostatic head in the ground-wster reser-
voir adjacent to or beneath the Humboldt River is higher than the
stage of the river-ground-water discharges into the river. Table 18
shows that on the average the flow of the Humboldt River increased
between the Comus and Rose Creek gaging stations from July
through January in water years 1949-62. Inasmuch as virtually no
surface water discharged into this reach of the river, nearly the
entire increase in flow during these months was the result of ground
water discharging into the river. On the average, during the re-
maining months of the year, February through June, water moved
from the river to the ground-water reservoir and the flow of the
river decreased.

The average increase in the flow of the Humboldt River between
the Comus and Rose Creek gaging stations in July throug" January
of water years 1949-62 was 11,300 acre-feet. A few hundred acre-
feet of the increase resulted from precipitation directly on the river.
Thus, the estimated net average annual ground-water discharge into
the river in water years 1949-62 was about 11,000 acre-fee*.

TABLE 18.—Avem%e July through January monthly increase in the flow of the
Humboldt River between the Comus and Rose Creek gaging stations, water years

1949-62
Average streamflow | Average streamflow Increase in streamflow
at the Comus at the Rose Creek
Month gaging station gaging station

(acre-feet) (acre-feet) Acre-feet Cubic feet

per second
July_ ... 16, 220 19, 570 3, 350 55
August._ . ___________ 1,936 4, 590 2, 660 43
September_ ___________ 131 2, 100 1,970 33
October__ ____________ 79 1, 670 1, 590 26
November_ ... ________ 1, 040 2, 030 990 17
December_____________ 3, 080 3, 650 570 9
January . .. __________ 4, 660 4, 840 180 3
Total .__________ 27, 150 38, 450 11,300 |-coooooo--
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The largest increase in flow between the Comus an¢ Rose Creek
gaging stations generally occurred in July when the hydraulic
gradient from the ground-water reservoir toward tle river was
steepest and consequently the rate of seepage to the river was high-
est. Nearly all the ground water discharging into the river in July
was normally bank storage derived from the river during the pre-
ceding spring runoff. However, not all the water stored in the
deposits adjacent to the river returned to the river; somre evaporated
from the capillary fringe, some was transpired by vegetation, and a
small amount was discharged by pumping.

As the ground-water ridge dissipated in late summer, the gradient
toward the river decreased, and consequently the rate of return flow
of bank storage to the river decreased. After the ground-water
ridge declined sufficiently, on the average in mid-August, ground-
water inflow from tributary areas began to discharge into the river.
Thus, in the fall, ground water discharging into the river normally
included both bank storage derived from the river during the spring
runoff and subsurface inflow from tributary areas. Tl» proportion
of subsurface inflow from tributary areas discharging into the river
increased as the ground-water ridge dissipated. Normally, by De-
cember nearly all the ground water discharging into the river was
derived from the tributary areas.

EVAPOTRANSPIRATION

Most of the ground-water discharge in the area results from
evaporation from bare soil and evapotranspiration from areas occu-
pied by phreatophytes. Phreatophytes are plants that obtain water
principally from the zone of saturation or the capillary fringe.
Transpiration by native grasses is being evaluated by the Agricul-
tural Research Service. The Geological Survey is studying trans-
piration by the woody phreatophytes and evaporation from bare
soil. The evapotranspiration studies have not yet been completed;
however, preliminary results of the work of the Geological Survey
are given in the following section of this report.

WATER-USE STUDIES UTILIZING EVAPOTRANSPIRATTON TANKS
By T. W. RoBINSON
One of the large unknowns in the comprehensive study of the
- water resources of the project area is the evapotrancviration loss.
Of particular concern is that part of the evapotranspiration loss that
results from the draft on the ground-water reservoir by nonbenefi-
cial woody phreatophytes. Phreatophytes are plants that depend
upon ground water for their water supply. The common nonbene-
ficial woody phreatophytes in the Humboldt River basin are grease-
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wood, willow, rabbitbrush, and wildrose. Of these, greasewood and
willow are the most important and widespread.

The existing information on the use of water by both greasewood
and willow is not only meager but was obtained under environmental
conditions that were different from those of the Humboldt River
basin. For this reason, studies were started in late 1959 and early
1960 to obtain water-use data on greasewood and willow and later
were expanded to include wildrose and rabbitbrush. A study of
evaporation from bare soil was also started. The studies are being
made by growing the plants under controlled conditions in large
evapotranspiration tanks. Insofar as possible, water-us> data are
being obtained under conditions and in terms that can be used to
evaluate the evapotranspiration discharge in naturally occurring
areas of growth. In growth areas where the depth to the water
table is, however, greater than can be maintained in the tanks, about
10 feet, it will be necessary to extrapolate water use at the greater
depth.

The tanks are in a test site about 4 miles southwest of Winne-
mucca, partly on the lower terrace and partly on the flood plain of
the Humboldt River. The test site is a parcel of land 370 feet by
600 feet composed about equally of low-lying meadowlard covered
with grasses and some willow and an adjacent part about 4 feet
higher covered largely with greasewood.

Twelve tanks have been installed at the site since the work began
in 1959. The time of construction, number and size of the tanks,
and the species grown are:

Construction date Number Size (feet) Species Planting date
of tanks
November1959._ ... 2 | 30X30%10.5...| Greasewood_.____ April 1960.
March 1960.___.__ 3| 10X10X7.5.-_.] Willow_________ Do.
May 1961___.____. 3 10X10X 7. ___ Wildrose_ .. ___ June 1961.
Do._o_.__._ 1| 10X10X7._..-_ Baresoil ... ____| . __________
October 1961_____. 31 20X20X10_.___ Rabbitbrush.._.| April 1962.

Construction of the tanks involved the use of a polyvinyl chloride
membrane of a weight and size that was specifically fabricated at
the factory. The tanks were constructed by lining a pit, excavated
to the proper size, with the membrane, installing a water di-tribution
system, and backfilling with the excavated material.

The water-supply system for the tanks consists of a 6-inch diame-
ter well, 25 feet deep, equipped with a jet pump, that supglies water
to a 450-gallon pressure tank. From the tank, in which ths pressure
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is maintained at about 30 pounds per square inch, water is distribu-
ted through 1,200 feet of buried line“to five 350-gallcn and seven
100-gallon gravity water tanks.

The water level in each evapotranspiration tank is controlled by
a float-operated valve. Water is measured into the tsnks through
water meters that can be read to one-fourth of a gallon. In the
greasewood and willow tanks the water level was maintained at
5 feet below the surface, and in the bare-soil tank, during most of
the 1962 season, at 4 feet below the surface. The watev level in the
wildrose and rabbitbrush tanks was kept at a highor level and
adjusted downward as the plants became established.

Beginning on August 1, 1961, water-use data were obtained for
greasewood and willow for the remainder of the season and during
the 1962 growing season. However, no water-use data vrere obtained
for wildrose and rabbitbrush, as the plants were not ye* established.
Owing to flooding of the willow tanks in June and July 1962 by
excessively high ground-water levels resulting largely from flood
irrigation on the flood plain of the Humboldt River, water-use data
were obtained for only one willow tank for the growing season; data
were obtained from the three willow tanks for the per‘od August 1
to October 20, the end of the growing season.

Beginning in July 1962, signs of distress were observed in the
greasewood plants in tank 2 and to a lesser extent in tank 1, followed
in August and September by considerable defoliation. During this
time the rate of water use decreased. The difficulty probably was
caused by a high concentration of boron salts in the root zone. The
salts, which had been leached from the soil in the tanks, were found
to be concentrated in the 2- to 4-foot depth range as the result of
capillary action and evaporation.

As a regular part of the water-use study, records of plant growth
and measurements of cover density and plant height were made at
periodic intervals. During each of the growing seasons, a photo-
graphic record of plant growth in each tank was made at 4- to 6-
week intervals. The cover density and plant height, from which
foliage volumes were computed, were measured in the middle and
latter part of the growing season.

FOLIAGE VOLUME

The volume of foliage was determined by the line intercept or
transect method (Horton and others, 1964). Foliage volume is the
product of the cover intercept and the thickness or height of foliage.
Cover intercept is the amount of ground covered or shaded by the
vegetation foliage and is expressed in percent. It is tl'~ summation



86 WATER RESOURCES, HUMBOLDT RIVER VALLEY

of the vertical projections of the crown of the plant onto a tape
stretched on the ground, expressed in percent of the transect length.
The canopy of the plant is considered solid within the perimeter of
the outer branches. Where the plants have interlocking branches
the canopy is considered as complete cover. Thickness or height of
foliage was measured at the same time as the cover intercept. In
all instances this was equal to the height of the plants.

The measurements from which the volumes of foliage were ob-
tained are based on the average of four transects for the large grease-
wood tanks and two transects for the willow and wildrose tanks.
These data are shown in table 19.

Measurements of foliage volumes serve two purposes. First, they
provide a basis for expressing the use of water on a volume of
foliage basis and, secondly, they provide a means for periodic com-
parison of plant growth. Thus, the increase in growth of the grease-
wood and willow plants from 1961 to 1962 is readily apparent from
the data in table 19. The lack of growth in greasewood tank 2 be-
tween June and August 1962, which resulted from the deleterious
effect of boron salts in the root zone, is also quite apparent.

WATER IN THE ZONE OF AERATION

Water in the zone of aeration in the tanks may represent a signifi-
cant part of the water budget. Consequently, information on dif-
ferences in the amount of water in this zone at the beginning and
end of the growing season are pertinent to evapotranspiration
studies. To obtain this information, access tubes were irstalled in
all tanks and a program of observation with a neutron-scattering
soil-moisture meter was begun in September 1961.

The extent of moisture depletion by evapotranspiration curing the
1962 growing season is indicated by the records for greasewood
tanks 1 and 2 and willow tank 1. The reduction in water content
in the zone of aeration was equivalent to a depth of 0.47 foot and
0.40 foot of water, respectively, over the two greasewood tanks and
to a depth of 0.43 foot over the willow tank. Except for the period
August 1 to October 1961, data are available relative to changes in
water content in the zone of aeration and have been used in com-
puting total water loss from the tanks.

WATER USE BY GREASEWOOD AND WILLOW

Commonly the use of water by species of phreatophytes and other
vegetation is expressed as depth of water over an area, generally
in acre-feet or acre-inches per acre. When expressed in units of
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TaBLE 19.—Foliage measurements of plants grown in evapotranspiration tanks in
the Humboldt River valley near Winnemucca

Cover intercept | Average heigh® | Foliage volume
Date reent) of plants (cubic feet)
(feet)
Greasewood tank 1
Sept. 14, 1961_____________________ 26. 0 1. 37 321
June 13, 1962 ___________________ 49. 6 1. 3¢ 610
Aug. 8,1962__ ____________________ 55. 4 1. 5¢ 784
Greasewood tank 2
Sept. 14, 1961_ ___ .. _______________ 20. 5 1. 3¢ 390
June 11, 1962______________________ 39.1 1. 42 503
Aug. 8,1962_______________________ 38.9 1. 42 501
Willow tank 1
Sept. 14,1961 _____________________ 81. 6 3. 2¢ 266
June 14, 1962______________________ 84. 8 3. 2¢ 278
Aug. 30,1962 ____.______________ 96. 8 4.2F 411
Willow tank 2
Sept. 14, 1961 oo 77.9 2. 8¢ 220
Aug. 30,1962 _______________ 86. 9 4 3¢ 381
Willow tank 3
Sept. 14, 1961 _ ... 77.0 2.7°F 212
Aug. 30,1962 _______________ 94. 7 4. 32 409
‘Wildrose tank 1
Aug. 8,1962__ .. _____ 63. 5 1.7¢ 110
Wildrose tank 2
Aug. 8,1962_______________________ 24.1 1. 20 29
Wildrose tank 3
Aug. 8, 1962 .. ________ 63. 8 1. 70 108

depth there is no indication of the growth conditions under which
the use has been determined; that is, there is no indi~ation of the
density or number of plants per unit area, or size of tke plants. As
growth conditions may vary from place to place, uve values ex-
pressed in this way can be applied with confidence only where

768-607 O-65—7



88 WATER RESOURCES, HUMBOLDT RIVER VALLEY

growth conditions are similar. When the cover density and height
of the plants are known, however, water use may be expressed in
terms of foliage volume. When expressed in this manner, water-use
values may be applied on the same basis to different growth condi-
tions with confidence. A unit of foliage volume is a better index
of leaf area, and hence the area from which water is transpired,
than a unit of land-surface area. In the studies of wat>r use by
greasewood and willow in the evapotranspiration tanks, both
methods are used to express the results.

Seasonal values of water use are available only for the tvo grease-
wood tanks and one willow tank for the period April 3 to October
20, 1962 (table 20). This period is slightly shorter than the growing
season, which is defined as the season that is warm enough for plants
to grow (Robinson and others, 1962). Although the growing season
ended about October 20, there was some growth and water use prior
to April 3. The amount, however, is believed to have been small.

TaBLE 20.—Use of waler by greasewood and willow grown in evapotranspiration
tanks, April 3 to October 20, 1962

[Depth to water maintained at 5 ft below tank surface]

Cubi- feet of water
Tank Acre-feet per acre per cubic foot of
foliage
Greasewood 1 _____________________________. 1. 61 1. 84
Greasewood 2_ _.__ ... ___ . __.____.___ 1. 18 2.16
Willow 1. e 3.95 . 96

During this period, rainfall in the’ form of scattered and infre-
quent showers amounted to 1.36 inches. The largest single shower
occurred on October 14 and amounted to 0.29 of an inch; other
showers ranged from 0.01 to 0.24 of an inch. Rain falling on the
dry surfaces of the tanks was quickly evaporated, and there was
little if any opportunity for use by the plants or recharge to the
water in the tanks. Rainfall during the growing season is not in-
cluded in the following water-use figures. However, cl'~nges in
water content in the zone of aeration are included.

Comparative values of water use by the plants in the greasewood
and willow tanks are available for two periods, from August 1 to
the end of the growing season in 1961 and 1962. Water u<e during
these periods is believed to be approximately one-half of the use for
the full growing season. Water use by the two species by individual
tanks is given in table 21.
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TaBLE 21.—Use of water by greasewood and willow grown in evapotranspiration
tanks, August 1 to October 20, 1961 and 19621

Acre-feet per acre Cubie feet of water per cubic
foot of foliage
Tank
1961 2 1962 3 1961 2 1962 3
Greasewood
U 0. 47 0. 58 1. 51 0. 66
2 el . 49 .40 1. 23 .72
Average_ . ____________. .48 .49 1. 37 . 69
Willow

I 1. 18 2,12 0. 45 0. 52
2 . . 80 1. 87 . 36 .49
B .78 1. 87 .37 . 46
Average_ .. ____________ .92 1. 95 .39 .49

ltRacllnfg“ dof 1.98 and 0.51 in. (0.16 and 0.04 ft) respectively in the periods Aug. to Oc'. 20, 1961 and 1962, is
not included.

2 Data not obtained to correct for changes in water content in the zone of aeratior.

3 Includes loss of water from the zone of aeration.

The amount of water used in 1961 by the plants in the tank is not
a measure of the amount used by the same species growing in the
Humboldt River basin because the plants in the tanks were immature
and were becoming established. Neither are the values for the
greasewood tanks during 1962 representative because of the deleteri-
ous effect of the boron salts in the root zone and because the depth
to water in the tanks was less than the depth to water in much of
the area covered by greasewood. The use of water in 1962 in the
three willow tanks, where there were no deleterious effe-ts and where
the plants were well established even though not quite mature, how-
ever, should approximate water use by willow on the Humboldt
River flood plain where the depth to water and vegetation density
are comparable to those in the tanks.

The estimated seasonal use of water by willow in 1962, based on
the use in the period April 3 to October 20, is 4 acre-feet per acre.
This estimate is supported by the average use in tho three tanks
during the partial period which is considered to be spproximately
one-half that for the season. Accordingly, the use by willow grow-
ing on the flood plain of the Humboldt River would be on the order
of 4 acre-feet per acre. This is equal to one cubic foo* of water for
each cubic foot of foliage.
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RELATION OF WATER USE BY WILLOW TO EVAPORATION FROM FREE-WATI™ SURFACES

Evaporation from a standard Weather Bureau evaporation pan at the
test site for the period April 3 to October 20, 1962, was about 60
inches. The amounts by months are given as follows:

Period Inches
April 3-80_ e m————— 17.05
My o e = 7.51
June. o o e = 10. 66
JULY o oo e 11. 27
AUgUSt e e —————— 10.75
September. - - . e 8.41
October 1-20_. _ e 4.19

Total. e 59. 84

1 Adjusted.

According to the U.S. Weather Bureau (Kohler and others, 1959),
the coefficient for lake evaportion at Winnemucca is 0.73 of the pan
evaporation. Thus, the lake evaporation during the grow'ng season
would be about 44 inches, or 3.7 feet. Based on these data, willow
growth in the Humboldt River flood plain uses about one-third of an
acre-foot of water per acre more than would be lost by evaporation
from a lake of equivalent area.

EVAPORATION FROM THE BARE-SOIL TANK

The water level in the bare-soil tank declined from a depth of 1.5
feet on April 3, 1962, to a depth of 4.0 feet on June 11, 1962, during
which time no water was added to the tank. From June 11 to Octo-
ber 20, 1962, the water level was maintained at a depth of 4.0 feet.
Approximately 0.4 foot of water evaporated from the tank during
the period April 3 to October 20, 1962.

In the period April 3 to June 11, virtually the entire loss of water
by evaporation from the surface of the tank was from the zone
through which the water level declined ; that is, from the zone be-
tween 1.5 and 4 feet below tank surface. From June 11 to October
20 practically all the water loss by evaporation was from the zone
of saturation or from the overlying capillary fringe.

Rainfall during the period April 3 to October 20, 1962. occurred
as scattered and infrequent showers and amounted to 1.36 inches.
These showers appeared only to wet the surface of the soil and ap-
parently did not percolate downward to the zone of saturation in
the tank. If rainfall is included, the total evaporation loss from
the tank during the period April 8 to October 20 was about 0.5
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foot. It should be emphasized that this total figure includes evapo-
ration from the zone of saturation plus evaporation from the zone
of aeration.

PRELIMINARY ESTIMATES OF EVAPOTRANSPIRATION O GROUND
WATER AND VADOSE WATER

The evapotranspiration data given in the immediately foregoing
section of the report are preliminary and incomplete. Moreover,
evapotranspiration studies and vegetation maps being prepared by
other agencies have not yet been completed. Crude preliminary
estimates of total evapotranspiration of ground water and vadose
water are, however, given to indicate the possible order of magnitude
of these features and to develop preliminary data fcr the water-
budget analyses. These estimates do not include evapotranspiration
of precipitation from land surface and from the zone of aeration
which are estimated separately (p. 81). They include only evapo-
transpiration of ground water from the water table snd the over-
lying capillary fringe and evapotranspiration of water in the zone
of aeration derived from the downward percolation of Humboldt
River water—including that derived from natural overhank flooding
and diversions for irrigation.

Preliminary evapotranspiration rates developed by Robinson (p.
88) and by the Agricultural Research Service (Nevada Depart-
ment of Conservation and Natural Resources, 1962) range from about
1 to 4 acre-feet per acre per year on the flood plain and the lower
terrace. The author estimates that the area of evapotranspiration
on the flood plain and the lower terrace, where the denth to water
ranges from less than a foot to about 12 feet, is roughly 25,000 acres;
the area of evapotranspiration in the remainder of the storage units,
where the depth to water ranges from about 20 to more than 50 feet
and where evapotranspiration rates are considerably less, may be
about 25,000-45,000 acres. Based on these preliminsry data, the
estimated average annual evapotranspiration of grourd water and
vadose water in the storage units, excluding precipitation, in water
years 1949-62 is 25,000-50,000 acre-feet. Evapotranspiration of
ground water and vadose water in water year 1962 may have been
somewhat larger, about 30,000-60,000 acre-feet, owing to above-
average streamflow and the resulting above-average ground-water
levels during the year. Evapotranspiration losses of ground and
vadose water in December through June of water year 1962 may
have been about 10,000-20,000 acre-feet.
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SUBSURFACE OUTFLOW NEAR THE ROSE CREEK GAGING STTATION

Subsurface outflow from the project area near station U is evalu-
ated on the basis of underflow parallel to the Humboldt Piver near
station S. The estimated average annual underflow near station S
is 2.5-8.5 cfs (table 16). During periods of low flow, about 1 cfs is
lost from the river to the ground-water reservoir between station S
and U (figs. 14-16). Underflow toward the river, derived from
precipitation on the northern slope of the East Range and on the
drainage area north of the river between station S and U, i~ assumed
to be negligible (p. 74). Accordingly, the estimated average an-
nual subsurface outflow from the project area is about 3.5-4.5 cfs,
or about 3,000 acre-feet.

SPRINGFLOW

Numerous small springs in the mountains discharge ground water.
Most of these are probably gravity springs; that is, they appear to
occur where the water table or where perched ground-water bodies
intersect the land surface. All the apparent gravity springs ob-
served had a flow of less than 50 gpm and most had flows of 1-2
gpm. Springs 35/36-28abal and 35/36-28dccl along the East Range
fault are artesian and have a combined flow of about 2 gpva. Ther-
mal artesians springs near Golconda, including 36/40-29dcal, flow
at an estimated combined rate of about 200 gpm, and thermal springs
36/41-2aacl and 36/41-2aac2 near the Comus gaging station flow
at a combined rate om about 25 gpm.

Springs in Water Canyon and in an unnamed canyon about 2
miles northeast of Water Canyon reportedly supply an average of
about 0.6 cfs which is used as part of the Winnemucca municipal
water supply. Much of this water normally evaporates or is tran-
spired, but some discharges into the Humboldt River es sewage
effluent after passing through the municipal water system. Except
for the amount discharged through the municipal sewage plant,
virtually all the remainder of the springflow occurring outside the
storage units is lost by evapotranspiration or seeps back to the
ground-water reservoir and moves laterally toward the ovter mar-
gins of the storage units as ground-water underflow.

The estimated average annual springflow in the storag~ units is
about 250 gpm. All of this springflow is thermal, and its ultimate
source is not known. The flow is not included in the estimates of
subsurface inflow to the storage units given in a previous section
of the report. Moreover, almost all the springflow is con-umed by
evapotranspiration in the immediate vicinity of the springs. Be-
cause the quantity is small, it is disregarded in the water-budget
analyses.
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PUMPAGE

Prior to 1946, pumping for irrigation in the study area was negli-
ble and probably averaged only a few hundred acre-feet per year.
Since then, it has increased gradually and at a fairly uniform rate.
In water year 1962 about 1,700 acres, mostly in the mouth of Grass
Valley and on the terraces bordering the Humboldt River, was irri-
gated with ground water. Some of this land also wes partly irri-
gated with surface water. The estimated total ground-water pump-
age for irrigation in water year 1962 was on the order of 4,000 acre-
feet. The estimated average annual pumpage for irrigation in water
years 1949-62 was about 2,000 acre-feet. Pumpage for domestic and
municipal use in water year 1962 was on the order of 1.5 cfs, or
about 1,000 acre-feet. In water years 1949-62, pumpage for domestic
and municipal use ranged from about 0.5 to 1.5 cfs and averaged
about 1 cfs, or about 750 acre-feet per year. Accordingly, total
pumpage was about 5,000 acre-feet in water year 1962 and averaged
about 2,500-3,000 acre-feet per year in the water years 1949-62.

Most of the pumped water evaporates and is transpired by crops
and phreatophytes. The remainder percolates downward to the
ground-water reservoir, and several hundred acre-feet per year dis-
charge into the river through the Winnemucca sewage plant. The
estimated net pumpage, or the amount permanently removed from
the ground-water system, averaged about 1,500 acre-fe>t per year in
water years 1949-62, was about 3,000 acre-feet in the 1962 water
year, and was about 1,000 acre-feet in December through June of
water year 1962.

CHANGES OF GROUND WATER IN STOFRAGE

Ground water in storage is water that will drain by gravity from
a given volume of the ground-water reservoir. Ordinarily, it also is
equal to the volume of water required to resaturate the deposits
after they are drained. Ground water in storage is less than the
total amount of water in the zone of saturation, because some water
is held in the reservoir against the pull of gravity, principally by
molecular and capillary attraction. Changes in storage occur when
the hydrostatic head in the reservoir changes. Such changes result
in fluctuations of ground-water levels.

FLUCTUATIONS OF GROUND-WATER LEVELS
SHORT-TERM AND SEASONAL FLUCTUATIONS

Nearly all the observed short-term and seasonal f-ictuations of

ground-water levels are related to changes in the stage of the

Humboldt River and to the diversion and application of surface

water for irrigation, evapotranspiration, and precipitation. Because
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pumpage in the area as of 1962 was small, pumping effects have been
minor, and except for drawdown effects very close to pumping wells,
ground-water levels commonly fluctuate less than 10 feet from season
to season and year to year.

Ground-water levels beneath the flood plain and terraces bordering
the Humboldt River respond to changing river stage. As the river
stage declines, hydraulic gradients toward the river increase and
ground-water levels decline; as the stage rises, gradients toward the
river flatten or are reversed and ground-water levels rise. The
magnitude of the response commonly increases with timo and de-
creases with distance from the river. As shown in figures 25 and 26,
rises of about 6-8 feet in the river stage resulted in rises of about
4-6 feet in wells a few hundred feet from the river and in rises of
about 2-5 feet in wells 0.2 and 0.4 mile away.

Diversions from the Humboldt River for irrigation also cause
groundwater levels to rise beneath the flood plain of the river
(p. 80). Inasmuch as nearly all such rises occur in ar~as where
water levels respond to changing river stage and inasmuch as the
river stage normally fluctuates considerably during mcst of the
irrigation season, it is difficult to discern how much of the rise in a
given area results from either one of the phenomena.

Diurnal fluctuations of ground-water levels have long b-en recog-
nized as being related to transpiration by phreatcphytes (White,
1932, and Robinson, 1958). In a manner similar to a discharging
well, such plants withdraw ground water from storage and cause
water levels to decline during the day. At night, when transpiration
virtually ceases, ground-water levels recover. These fluctuations
are somewhat analogous to those caused by pumping a vell inter-
mittantly. If the water table and overlying capillary fringe are
near land surface, as on the flood plain of the Humbo'dt River,
evaporation also causes diurnal water-level fluctuations. Diurnal
fluctuations caused by evaporation and transpiration are closely re-
lated to temperature and sunlight, and locally the effects of each
phenomena are superimposed upon each other resulting in composite
water-level fluctuations.

Tests made on wells equipped with recorders indicated that diur-
nal water-level fluctuations probably attributable to evapotran-
spiration were not common on the flood plain and bordering terraces.
Such fluctuations were noted during short periods of timo in three
wells and were most pronounced during periods of declining water
levels. A maximum daily fluctuation of about 0.06 foot that proba-
bly was attributable to evapotranspiration was noted in w-ll 36/38-
19ddcl. (See fig. 27.) Diurnal fluctuations in well 35/37—2accl
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averaged about 0.04 foot. The reasons for the relatively poor mani-
festation of diurnal water-level fluctuations caused by evapotran-
spiration are not known.

Short-term water-level fluctuations attributable to the direct infil-
tration of precipitation were not recognized in the study area.
Locally, unusually large amounts of precipitation may cause the
water table to rise; however, the rise normally is mared by an in-
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crease in the stage of the Humboldt River, which in turn causes
ground-water levels to rise. In addition, at times large arounts of
precipitation may cause a temporary decrease in evapotransoiration,
which in turn may cause ground-water levels to rise.

LONG-TERM FLUCTUATIONS

Water levels in several observation wells in the area tave been
measured periodically since 1946, and hydrographs for t~vo wells,
35/36-14cdbl and 35/37-84adbl, are shown in figures 28 and 29. In
addition, the figures include the monthly mean gage height of the
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F1GURE 27.—Diurnal fluctuations of the water table near Winnemucca. Top, well 36/38-19ddc1 (July 2-9,
1962). Bottom, well 35/37-2accl (Apr. 6-13, 1962).

Humboldt River during the months in which the observation wells
were measured. Well 35/36-14cdbl is an unused well about 0.3 of a
mile from the Humboldt River. It is 18 feet deep and taps the unit
mapped as younger alluvium. Well 35/37-34adbl, is an unused well
in the mouth of Grass Valley about 5 miles south of the river. It is
83 feet deep and taps the medial gravel unit.

Figure 28 shows that in overall aspect both wells r~spond to the
stage of the Humboldt River. Water-level fluctuation in the two
wells probably are reasonably representative of long-term fluctua-
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tions of ground-water levels fairly close to the river and in the
mouth of Grass Valley. Accordingly, long-term fluctuations of
ground-water levels throughout much of the project area seem to be
related largely to the stage and flow of the Humboldt River similar
to short-term and seasonal fluctuations.

Ground-water levels in the mouth of Grass Valley probably re-
spond to changes in the stage of the Humboldt River because some
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of the aquifers are confined. The average rate of ground-water
movement in the project area is on the order of a fraction of a foot
to several feet per day. Accordingly, the water level in well 35/37—
34adbl, which is about 5 miles from the river, could not respond to
seasonal or even yearly changes in the stage of the river unless the
well tapped one or more artesian aquifers. The well taps the medial
gravel unit, and water in the unit, which is overlain and underlain
by silt and clay beds of Lake Lahontan age in the vicinity of the
well, probably is under artesian pressure.

In some years, as in 1952, the stage of the river declined from
March to September but ground-water levels rose during the same
period. In most years, ground-water levels were lower in September
than in March, reflecting normal seasonal streamflow characteristics
(table 10). Streamflow in water year 1952, however, wvas far above
normal and ground-water levels in September 1952 reflected the
above normal spring runoff. That is, even though the stage of the
river in September 1952 was lower than the stage of the river in
March 1952, ground-water levels were higher in September owing to
a large increase in the amount of ground water in storage related
to the unusually high streamflow during the year.

RELATION OF WATER-LEVEL FLUCTUATIONS TO CHANGE® IN STORAGE

Under natural conditions and over the long-term period the
ground-water system of the project area was in dynamic equilibrium
—that is, the amount recharged equalled the amount discharged.
For practical purposes the system is still in dynamic equilibrium
owing to the small amount of pumpage. Any pheromenon that
disrupts the equilibrium may cause ground-water-level fluctuations
and accompanying changes in the amount of ground water in
storage. The magnitude and extent of the water-leve! fluctuations
and changes in storage are related to the magnitude and extent of
the disrupting phenomenon and the coefficients of tr-nsmissibility
and storage of the deposits forming the ground-water reservoir.
The coefficient of storage of an aquifer is defined ss “* * * the
volume of water it releases from or takes into storage per unit
surface area of the aquifer per unit change in the component of head
normal to that surface,” (Ferris and others, 1962, p. 74).

In unconfined aquifers, water-level fluctuations novmally reflect
changes in the amount of ground water in storage. In confined or
artesian aquifers, water-level fluctuations may or mey not be ac-
companied by changes in the amount of ground water in storage.
Where changes in the amount of ground water in stcrage occur in
artesian aquifers, the amount of change per unit decline in hydraulic
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head per unit area commonly is thousands of times less than that in
unconfined aquifers. The largest water-level fluctuations and vir-
tually all the significant changes of ground water in storage occur
in the unconfined aquifers beneath and adjacent to the Humboldt
River.

SPECIFIC YIELD

Under water-table conditions, the coefficient of storage is virtually
identical to the specific yield of an aquifer. Specific yields of 323
samples were determined in the laboratory by the contrifuge-
moisture-equivalent method. The centrifuge-moisture-equivalent
method and the relations among specific yield and oth~r hydro-
geologic data in the Humboldt River valley are described in other
reports (Cohen, 1961c; 1963). Briefly, specific yield of a rock or
sediment sample is, “* * * the ratio of (1) the volume of water
which, after being saturated, it will yield by gravity to (2) its own
volume” (Meinzer, 1923, p. 28). This ratio multipliel by 100
expresses specific yield as a percentage. Specific yield also may be
expressed as porosity minus specific retention, where porosity is the
percentage by volume of the total void spaces in a sample, and spe-
cific retention is the amount of water, expressed as percentage of
the total volume of the saturated sample, retained by the sample
against the pull of gravity. In the laboratory, specific yield was
calculated by determining the difference between porosity and spe-
cific retention. Porosity was determined by the pycnometer method.
(See Krumbein and Pettijohn, 1938, p. 500-513.) Specific retention
was determined from centrifuge-moisture-equivalent data by a meth-
od described by Piper, Gale, Thomas, and Robinson (1937, p. 118-
119).

Table 22 summarizes the laboratory porosity, specific-retention,
and specific-yield data. It is apparent that there is a large range in
specific yield within each median particle-size class. The large
range probably is caused by differences in primary and secondary
sedimentary structures especially in some of the finer deposits,
differences in the degree of compaction and cementation of the de-
posits, and complex interrelations among specific yield, specific reten-
tion, porosity, median particle size, and degree of sorting (Cohen,
1963).

Theoretically, specific yield determined by the centrifuge-moisture-
equivalent method is a measure of either the amount of water that
drains from saturated material during a long period of time or the
amount needed to resaturate these materials after long-term drain-
age. For most materials it is presumed to be approximately equal to
the total amount of water that will drain by gravity. Th~ amount
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of time required for complete gravity drainage differs for different
materials. Complete, or nearly complete, gravity drainage probably
occurs rapidly in the medial gravel unit, perhaps within a few days.
On the other hand, many months or years probably are reauired for
complete, or nearly complete, gravity drainage of strata of the upper
silt and clay unit. The time required for complete gravity drainage
of most of the deposits in the project area probably range~ between
these limits.

If the moisture content remains constant following grav'ty drain-
age, that is, if the moisture content remains equal to the specific
retention, then and only then is the amount of water needed to re-
saturate the deposits equal to the amount that drained from the de-
posits. In many of the deposits beneath the flood plain and
bordering river-cut terraces, evapotranspiration occurs from the zone
of water-level fluctuations. As a result, during and following
seasonal declines in the water table, the moisture content of many
of the deposits formerly in the zone of saturation decreases below
the specific retention. Before being resaturated, as ground-water
levels begin to rise in the spring, the moisture content of the de-
posits in the zone of aeration first must increase to the specific reten-
tion. Such increases are not considered changes of ground water in
storage inasmuch as the increased moisture will not drain by gravity.
Accordingly, the estimated specific-yield values (table 28) used to
compute changes of ground water in storage locally may be consider-
ably less than the total amount of water needed to resaturate deposits
beneath the flood plain and bordering terraces.

The total amount of water added to the flood-plain deposits in the
spring and early summer undoubtedly is considerably more than the
net increase of ground water in storage. It is equal to the net in-
crease of ground water in storage, plus the amount of water evapo-
rated and transpired from the zone of saturation as the wsiter table
rises, plus the increase in moisture content in the zone of aeration.
Sufficient data are not available to evaluate all of these elements.
Preliminary experimental data, however, were obtained relative to
changes in the moisture content in the zone of aeration. These are
described in subsequent sections of this report.

COMPUTATION OF STORAGE CHANGES

Based on several hydrogeologic features (Cohen, 1964), those
parts of the project area in which nearly all the changes of ground
water in storage associated with the changing stage of the Humboldt
River occur were divided into 29 storage units (pl. 4). The average
specific yield of the deposits in the zone of rising ground-water levels
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in each storage unit was estimated partly on the basis of the labor-
atory data and partly on the basis of other hydrogeclogic factors.
(See table 10 in Cohen, 1964). The estimated net increase of ground
water in storage in each unit was equal to the product cf the average
net rise in water levels multiplied by the area of the storage units
multiplied by the estimated average specific yield. "Table 23 lists
the data used to compute the net increase of ground water in storage
from December through June of water year 1962.

TaBLE 23.—Net increase of ground water in storage in the storage unils in the
Humboldt River valley near Winnemucca, December through June of waler year 1962

@ @ @ @ )
Al'ise oie Es‘imated lncrlgge of
Storage unit Area ground- smecific ground
(acres) water yield ‘water in
levels (percent) | stor
(feet) (acre-fest)
Toby Ranch._ __ . _____ 4, 340 11 12 600
Lower MeNinch Raneh. . _______ 3, 340 2.8 8 800
Lower Hillyer Ranch___________________ 1, 400 .7 12 100
Clear Creek__ - . ___.____ 2, 520 .7 10 200
Krum. ... 6, 900 L7 10 1, 200
Airport. o .. 7, 800 1.6 2 200
Harrer Ranch. - .. . ... .. ... ____ 6, 590 3.9 20 5, 100
Upper Hillyer Ranch___ ... ______.___ 3, 920 5.7 6 1, 300
Western Pacific. ... . ... _ 1, 550 2.8 20 900
Harmony Creek._ . ___ . _______.__ 4, 270 215 10 600
Winnemueea - o - - oo __ 1, 820 6.3 6 700
WeB0 o e e oo e 2, 680 47 20 2, 500
Kearns Ranch. ... ______ 5,510 5 8 6 1, 900
Prospeet West._ ... ... 1,470 2,6 10 100
Little Humboldt River— . _ ... .__......_ 1, 510 2.1 4 100
Prospect Bast__ .. __________ 1, 320 .6 10 100
BlSS - e 3, 720 2.6 15 1, 500
Paradlse Valley_ - oo . 5, 820 .7 10
Pole Creek. __ . __ . 4, 550 2.3 10 1, 000
Bull Head_ . ___ oo .. 1, 670 2.8 20 900
Diamond S Raneh_ .- ... 4, 810 59 6 1, 700
Eden Valley. . 7, 020 1.2 10 800
Rock Creek__ oo 1, 050 6.6 10 700
Goleonda . .. 1, 050 82 6 500
Preble___ . 820 5.7 5 200
Stahl Dam____ .. 390 7.4 4 100
Edna Mountain_ ______..__._ ... ____._ 540 23.5 5 100
Comus._ - . 2, 750 56 6 900
Bains Ranch.______________.___________ 2 100 2.9 10 600
Total (rounded) . - _._-___________ 93,300 |_ocnooo |- 26, 000

1 Column 2)X3X4, rounded.
2 Estimated.

As listed in table 23 the estimated net increase of ground water in
storage from December through June of water year 1962 was about
26,000 acre-feet. In water-years 1949-62, the average net increase of

ground water in storage during these months was about 10,000 acre-
768-607 O-65—8
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feet (Cohen, 1964). During years of abnormally low strermflow, as
in 1960 and 1961, the estimated corresponding net increases of
ground water in storage were about 5,000 acre-feet.

The net increase of ground water in storage at the end of water
year 1962 as compared to the beginning of the water year was about
5,000 acre-feet. Because the hydrologic system was not appreciably
affected by pumping, the long-term average annual net change of
ground water in storage and the average annual net chang> in water
years 1949-62 was zero.

TOTAL GROUND WATER IN STORAGE

A large amount of ground water in storage occurs in the medial
gravel unit and in the adjacent and underlying deposits of the
ground-water reservoir. The medial gravel unit is virtvally com-
pletely saturated. Tts approximate saturated thickness and areal
distribution are shown on the geologic map (pl. 1). Its total volume
is about 2.5 million acre-feet and its long-term specific yield is at
least 20 percent. (See specific yields in table 22 for samples having
median particle-size diameters in the coarse-sand- to gravel-size
ranges. Accordingly, the total amount of ground water in storage
in the unit is about 500,000 acre-feet, or about three times the
capacity of Rye Patch Reservoir.

The volume of the upper 100 feet of saturated deposits adjacent to
the medial gravel unit in the project area is about 15 million acre-
feet. Assuming that the average long-term specific yield of these
deposits is 10 percent, they contain an additional 1.5 million acre-feet
of ground water in storage.

Locally, highly permeable deposits occur beneath thcse in the
upper 100 feet of the zone of saturation. The average thickness of
these and other less permeable deposits forming the ground-water
reservoir may be 1,000 feet or more. Thus, the total emount of
ground water in storage in the project area may be 5-10 times
greater than that in the upper 100 feet of the ground-water reservoir.

WATER-CONTENT CHANGES IN SHALLOW FLOOD-PLAIN DEPOSITS
AT THREE SITES

By A. O. WAANANEN

Water stored in the flood-plain deposits during periods of rising
river stage and which is subsequently released as the river stage falls
is one of the principal sources of water that sustains low flows
in the Humboldt River. The water may be stored as soil moisture
in the unsaturated zone, including the capillary fring», and as
ground water in the saturated zone. The term “total water content”
is used in this and in the immediately following secticn of this
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report to describe the amount of water in the uns~turated and
saturated zones in the shallow flood-plain deposits.

When the water table is at shallow depth, water may be dis-
charged by evaporation from the land surface, by transpiration by
riparian and flood-plain vegetation, commonly phreatophytes, and
by underflow to stream channels. Seasonal changes in ground-water
levels in the Humboldt River flood plain in the study reach exceed
5 feet in some years. Accompanying changes in moisture content
in the unsaturated zone may be as much as half an acre-foot per
acre or more. All the water going into storage in a given season
may not be released in the subsequent low-water sesson, and the
storage carry over to the next season may be subs‘antial. The
amounts of water stored and released seasonably, or carried over,
appear great enough to justify consideration in annual water-
budget studies.

The neutron-scattering method for measuring soil moisture pro-
vides a means for determining changes in the moisture content of
soils. It is helpful also in determining specific-yield characteristics
of saturated deposits. During 1962, soil-moisture data were obtained
at three sites in the Humboldt River flood plain in the study reach
to observe the changes in water content in the shallow flood-plain
deposits. These sites were each less than 500 feet fror channels of
the river. Data obtained during a high-water year such as 1962
should provide some indication of the storage potential of the
deposits and perhaps the short-term specific yield. On the basis of
the results, the method appears satisfactory but more sampling is
needed to provide more than an approximation of the soil-moisture
changes and the specific yield. The data obtained, however, are
useful toward a better understanding of some of the hydrologic
processes.

Moisture contents were determined with a neutron-seattering soil-
moisture meter using access tubes installed at the following sites:

Depth of profile

Location observed, in inches

Kearns Ranch, 614 miles NE. of Winnemucea (adjacent to we'l 36/38—
2bbel) L e 90
Winnemucca (adjacent to well 36/38-19ddel).________.________________ 100
Test site, 4 miles SW. of Winnemueea_________________ . _______ 81

The access tubes at these sites extend to and bottom in 2 layer of fine-
grained nearly impervious volcanic ash at or a little above the mini-
mum observed level of the water table.

The procedure used in the moisture determinations is consistent
with general practice (van Bavel, 1958). The same procedure was
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used to determine the water-content in the evapotranspiration tanks
at the test site (p. 86). The soil-moisture meter, which utilizes
the neutron energy absorption technique, is equipped with a 28
milligram actinium source and has demonstrated a high degree of
replicability of results.

Data were obtained in April, June, July, August, and October 1962
at each of the sites and also in September 1961 at the test site. The
resulting water-content profiles and the corresponding ground-water
levels are shown in figure 30 together with a graphic log of the materials
penetrated in each access hole. The water content in the observed
profiles, expressed as depth of water both in inches and feet, together
with the net change between observation periods are given in table 24.
In addition, the average daily depletion rate in water content, in feet,
is shown for the recession period.

TaBLE 24.—Water-content changes in the shallow deposits at three sites in the
Humpboldt River flood plain near Winnemucca, 1962

Apr. 9 June 10-11 | July 10 Aug. 3) | Oct. 17-18
Kearns Ranch
Depth to water.........________.._ inches__ 163.6 39.36 38.76 79.08 85. 92
Depth of moisture in 90-inch profile_do.... 27.43 29.04 20.70 24. 58 22.83
Change......_.._- - do..._|.-- +1.61 +. 66 -5.12 -175
Change.___.. +.13 +.06 -. 43 -.15
Depletion. . oo it per day - .00%¢ . 0031
Winnemucca
Depth towater........__...__.__ inches.__ 40, 68 22. 08 24. 60 72.12 82.08
Depth of moisture in 100-inch profile_do__._ 39.64 40,70 39.86 34,56 32.12
E3 7 T [+ 1 YU S +1.06 -. 84 -5.30 -2.44
E: 47 U, feet. |ocoeeoo. +.09 -.07 -—.44 -.20
Depletion ft per day - . .00 L0042
Test site
Depth to Water-..o.ooooooooeeos hes.._ 48.84 7.68 8,04 69. 60 >84.0
Depth of moistute in 81-inch proﬁle_ -do__-. 26. 68 31.20 3120 23,74 20.76
Change. ... (s 0V Y +4.52 .00 ~7.46 ~2.98
feet.__ - +.38 .00 - .25
Depletion_________ .- 1t per day.. B ISR F .012 . 0051
1 Estimated.

The profiles show the changes in water content during 1962. The
additional 1961 data at the test site demonstrate the difference be-
tween water content at the end of a below average water ye~r (1961)
with that for a year of high water and overbank flow (19%2). The
data at the test site also indicate, for example, that the total water
content in the measured profile increased from the 1961 lov’ of about
18 percent by volume to the 1962 high of about 38 pevcent, the
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difference representing an increase in water content of 20 percent, by
volume, or 16 inches of water. The increase in water content took
place principally in the upper 4 feet of this profile where tt~ average
change was 25 percent, representing 12 inches of water. Tle increase
in water content in the deposits at this site, which was more than
an acre-foot per acre between September 1961 and July 1962, is an
index of the increase that may be expected in deposits in the study
reach having similar lithologic characteristics and in a similar
hydrologic environment.

By October 1962 the water content in the upper 80 inches of the
three profiles had declined 9, 11, and 13 percent by volume, respec-
tively, from the season’s maximums at the Kearns Ranch, Winne-
mucca, and test-site locations. The water content in the deposits at
the test site in October 1962 was about 7 percent by volume higher
than in September 1961, or a net increase of almost 0.5 acre-foot
per acre. Relations at the other two sites may be presumed to be
similar, but the amounts and distribution of changes in ‘water con-
tent at other locations in the basin, of course, are dependent on many
factors including the character of the local materials and the depths
to water.

It is of interest to note from figure 30 that significant parts of
the changes in water content with changes in the ground-water levels
occur in the zone of aeration. When water levels change gradually,
as on a declining stage, the changes in water content are related to
the hydrologic characteristics of the materials in both the zone of
aeration and the zone of saturation. Thus, the water released may
be ground water from the zone of saturation (perhaps 1 or 2 percent
moisture, by volume) and vadose moisture from the zone of aeration.
This becomes significant in the evaluation of probable yields when
deposits having different characteristics occur in overlying layers.

The data indicate a depletion rate of nearly 0.01 of a foot per day
during the recession from the high water level in July 1962. The
depletion in water content resulted from evapotranspiration and
underflow to the Humboldt River. There is a coincidental agreement
with the approximate rate of water use by phreatophytic vegetation.
The density and extent of such vegetation is low at the Kearns
Ranch and Winnemucca sites, however, and the decline in the water
table probably is attributable to both evapotranspiration losses and
underflow to the river. In areas where the water table is well below
the root zone of most phreatophytes, the water-table decline would
be related more closely to the lateral movement of ground water to
streams or to other adjacent discharge areas.
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PRELIMINARY ESTIMATES OF CHANGES IN MOISTU™E CONTENT
IN THE ZONE OF AERATION

Very few data are available to calculate net changer in moisture
content in the zone of aeration. Crude preliminary estimates can be
made by utilizing the preliminary data developed by Waananen in
the preceding section of the report and by the writer in the section
on changes of ground water in storage. It is assumed that the most
significant changes in moisture content in the zone of aeration of the
storage units occurred in the flood-plain deposits because of irriga-
tion practices and natural overbank flooding. In addition, it is
assumed that the net changes in total water content (vadose water
and ground water in storage) that occurred in the shallcw flood-plain
deposits at the test site (p. 105) were representative of the changes
that occurred on the entire flood plain.

Total water content in the flood-plain deposits increased about 0.5
of an acre-foot per acre in water year 1962 (p. 108). Thus, it can
be computed that the net increase in total water content in these de-
posits in water year 1962 was about 12,000 acre-feet. The estimated
net increase of ground water in storage in these deposits during the
same-period was only 2,000 acre-feet. Accordingly, the estimated net
increase in moisture content in the zone of aeration in water year
1962 was equal to the net increase in total water content minus the
net increase of ground water in storage, or about 10,000 acre-feet.

The net increase in total water content from December to June of
water year 1962 may have been about 1 acre-foot per ccre (p. 108)
or about 25,000 acre-feet. The estimated net increase of ground
water in storage in the flood-plain deposits during the same period
was 8,000 acre-feet. Accordingly, the estimated net increase in
moisture content in the zone of aeration from December to June in
water year 1962 was about 25,000 acre-feet minus 8,000 acre-feet,
of about 17,000 acre-feet. The estimated average annusl net change
in moisture content in the zone of aeration in water years 1949-62
was zero. This estimate probably is accurate within a few perecent;
however, the preliminary estimates for water year 1962 and for
December through June of water year 1962 may be ir error by as
much as 50 percent.

CHEMISTRY OF THE HYDROLOGIC SYSTEM

The principal objectives of the hydrogeochemical studies were (1)
to determine the suitability of the water of the area for use, (2) to
evaluate lateral and vertical differences in water quality and changes
in water quality with time, and (8) to utilize water-quality data
to make a qualitative and, where possible, a quantitative evaluation
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of the source and movement of water. Much of the basic water-
quality data, a moderately detailed analysis of the suitability of the
water for use, and a preliminary evaluation of water quality and its
relation to the hydrologic system are given in a previcns report
(Cohen, 1962d). Variations in water quality and the relation be-
tween water quality and the source and movement of water are
emphasized in this report. The hydrogeochemical studies are based
on more than 225 chemical analyses made of ground ard surface
water in the project area. Samples were obtained in July and
August 1961, November and December 1961, and April and May
1962,
ONITS USED IN REPORTING DATA

Dissolved-solids content is a term used to refer either to the residue
of a known quantity of sample dried at 180°C or to the sum of the
determined constituents. Dissolved-solids-content values given in
this report are the sums of determined constituents exoressed in
parts per million (ppm) or equivalents per million (epm). Parts per
million are the number of milligrams of solute in 1 kilogram of solution.
Equivalents per million are the number of milligram equivalents of
solute in 1 kilogram of solution and are calculated by dividing the
concentration of an ion in parts per million by its combining weight,
which is defined as the atomic or molecular weight of an ion divided
by its valence. For the purpose of this report the waters have been
classified according to dissolved-solids content as follows:

D1ssolved-solids content (ppm) Classification
160-300_ e Very low.
300-500_ e Low.
B500-750 . - e Moderate.
750-1,000. e Moderatel~ high.
1,000-2,000. - - - e High
Greater than 2,000 _____________________________.____ Very high

Specific conductance, expressed in micromhos per centimeter at
25°C, is a measure of the ease with which an electrical current will
pass through a solution. It is a rough measure of dissclved-solids
content. Hardness of water, which is caused principally by calcium
and magnesium ions and which, if excessive, adversely affects the
suitability of water for domestic and other uses, is express>d in parts
per million of calcium carbonate.

The U.S. Geological Survey uses the following numerical ranges and
adjective ratings for classifying water hardness:

Hardness range (ppm) Class'fication
0-60_ - o Soft.
61-120_ _ e Moderately hard.
121180 . e Hard.

Greater than 180_ . _ . ________ .. Very hard.
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SOURCE AND SIGNIFICANCE OF DISSOLVED CONTITUENTS

About a hundred elements and thousands of componds of these
elements occur in the consolidated rocks and unconsolidated deposits
of the area. Virtually all of these elements and compounds are, in
varying degree, soluble in water. Nearly all the water enters the
hydrologic system of the project area either as precipitation or as
streamflow. Precipitation commonly contains trace arounts of the
major chemical constituents and some minor chemical constituents.
As it moves through the hydrologic system, water originating as
precipitation commonly contains progressively more divsolved solids
largely as a result of coming into contact with additional soluble
mineral matter. Solution of carbon dioxide from the soil, increasing
temperature and pressure with increasing depth, changes in pH, and
other factors may increase the chemical reactivity of the water and
cause it to dissolve additional mineral matter.

The dissolved-solids content of the Humboldt River, which con-
tributes most of the water to the project area, is considerably higher
than that of precipitation. As this water moves through the
hydrologic system of the study area it also dissolves additional
mineral matter; however, because of complex interr-lations with
other aspects of the system, the dissolved-solids content of Humboldt
River water locally increases and locally decreases with increasing
distance downstream from the Comus gaging station. In addition,
the chemical quality of the Humboldt River changes seasonally.

Table 25 lists the principal sources and significance with respect
to use of the determined constituents, and plates 5 and 6 show the
concentration of the major chemical constituents in equivalents per
million of most of the samples obtained during the study. The
diagrams, which are modified after those first introduced by Stiff
(1951), permit a rapid although somewhat generalized evaluation of
the chemical quality of the water.

Most of the water in the project area has a moderat> to very low
dissolved-solids content and is sodium bicarbonate water—that is,
sodium and bicarbonate, expressed in equivalents per million, con-
stitute more than 50 percent of the major cations and anions, re-
spectively. Calcium is the next most abundant cation, and the
chloride and sulfate anions are about equally abundant. Although
otherwise suitable for most purposes, nearly all the water is moder-
ately hard to very hard. Locally some of the water is not suitable
for some uses. (See Cohen, 1962d, p. 20-24.)
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TaABLE 25.—Principal sources and significance with respect to suitability for use of
selected chemical constituents in the waters of the Humboldt River valley mear

Winnemucca

Constituent

Principal sources

Significance with respect to suit-
ability for use

Silica (SiO2)_________

Iron (Fe)_.____._____

Calclum (Ca)_.__._.

Magnesium (Mg)- .
Sodium (Na)________

Potassium (K)._.___

Bicarbonate (HCO3)
and carbonate
(CO3).

Silicate minerals abundant in nearly all the
consolidated rocks and in all the unconsoli-
dated deposits.

Iron-bearing minerals that occur, at least in
small amounts, in nearly all the consolidated
rocks and in all the unconsolidated deposits.

Calcium-bearing feldspars that constitute as
much as 50 percent of some of the basic vol-
canic rocks such as basalt, andesite, and
diorite; limestone. Calcium salts,especially
CaCOj3 and CaSOy4 in the unconsolidated
deposits.

Pyrozenes and amphiboles in igneous rocks.
Magnesium zalts in the unconsolidated deposits.

Sodium-bearing feldspars in the acidic volcanic
rocks such as granite and rhyolite. Sodium
salts, especially NaCl, Na;CO3;, NaHCO3,
and Na2804 in the unconsolidated deposits.
TJon exchange with sodium-bearing clay
minerals.

Potash feldspars in acidic igneous rocks. Po-
tassium salts probably are comparatively
rare in the unconsolidated deposits.

End products of the weathering of feldspars
and many other common rock forming min-
erals. CaCOj3, NasCO3, and NaHCOj3 salts
in the unconsolidated deposits.

Oxidation and hydration of sulfide minerals in
the consolidated rocks. Solution of gypsum
from the unconsolidated deposists.

Chloride salts, largely NaCl, in the uncon-
solidated deposits, especially in the lacus-
trine and fiood-plain deposits.

Occurs in trace amounts in various consoli-
datedrocks. Associated with thermal water
near the East Range fault and near the
Comus gaging station.

Ng‘rages in the soil and, locally, organic pollu-

nts.

Occurs in trace amounts in some of the consoli-
dated rocks of the area. Associated with
thermal water near the East Range Fault
and water of high dissolved-solids content
near the Comus gaging station.

May form scale in pipes and boilers.

More than about 0.3 ppm may
stain laundry utansils and kitchen
fixtures. Large~ quantities may
color and impart objectionable
taste to water.

Principal cause of hardness. Com-
monly a majo~ constituent in
scale deposits.

Second most important cause of
hardness.

Excessive amourts may reduce
soil permeability. In combina-
tion with chlo~ide, may cause
water to taste selty.

Essential for proper plant nutrition.

Causes carbonate hardness in com-
bination with esleium and mag-
nesium. May be precipitated
from boiling water to form scale
and yield corrosive carbon dioxide.
Locally forms ‘black alkalai’”
(NasCO0s3) crusts on the soil which
are injurous to rmany plants.

May be precipitated from boiling
water to form scale. Excessive
amounts may have a laxative
affect on humans and animals.

Excessive amount~ (more than 250
ppm) may canse salty taste.
Precipitates locelly on the Hum-
boldt River flocd plain where it
is injurous to most plants.

Essential for proper human nutri-
tion. Excessive amounts (more
than about 1.7 ppm) may cause
mottled tooth enamel in children.

Nitrate in drinking water in excess
of about 44 ppn" may cause cya-
nosis, the so-cal'ed “blue-baby’’
disease, in infan“s.

Essential for proper plant nutrition
insmallamounts. Toxic to many
plants in amounts only slightly
more than the needed amounts.
Unsuitable in quantities of more
than 3.75 ppm for even the most
tolerant crops.

VARIATIONS IN WATER QUALITY

In a complex hydrogeologic environment such as that of the
Humboldt River valley, marked variations in water quality occur—

both vertical and lateral variations and variations with time.

To

evaluate these phenomena, where possible samples wer» obtained
from nearby wells tapping different lithologic units at different
depths; ground-water samples were obtaimed during periods of low,
intermediate, and high water levels; the Humboldt River was
sampled during periods of low and high streamflow.
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VERTICAL AND LATERAL VARIATIONS

Largely on the basis of water quality, the project area is divided
into seven subareas, six of which are outlined on plate 7. The seventh
subarea is the Humboldt River flood plain and border‘ng river-cut

terraces except where they occur in the other subareas.

The map

shows the sum of the major anions and cations in the ground water

in the project area.

Vertical and lateral variations in the chemical

quality of ground water in each subarea are described in detail in a
previous report(Cohen, 1962d, p. 12-16), and are summarized in table 26.

TaBLE 26.—Summary of the vertical and lateral variations in chemical quality of
ground water in the Humboldt River valley near Winnemuvaca

Subarea ! Source of ground water Variations in chemical quality

Comus._ ... Chiefly seepage from the Three distinet types of water occur in the subarea—
Humboldt River and un- sodium chloride and sodium bicarbonate water and
derflow from the Hum- mixtures thereof; all have a mod-rately high to very
boldt River valley high dissolved-solids content. Some sodium bi-
upstream from the sub- carbonate water is associated with the thermal
area; small amount from sgring system (samples 36/41-2°acl-1, 2). Sodium
a deeply circulating chloride water, most of the sodium bicarbonate
spring system. water, and the mixed water are largely associated

with highly saline and relatively impermeable
flood-plain deposits.

Goleonda._._____.___ Largely seepage from the Sodium bicarbonate water of moderately high to high
Humboldt River and un- dissolved-solids content occurs in the shallow flood-
derflow from the Rock plain deposits near the eastern margin of the sub-
Creek drainage basin. area. Most of the remainder of the subarea

contains ground water of low dissolved-solids con-
tent. The Golconda Hot Springs are characterized
by sodium bicarbonate water having a maximum
temperature of 52°F and a rmoderate dissolved-
solids content (samples 36/40 2¢1cal-1, 2).

Paradise Valley_____{ Largely underflow from Ground water in the relatively permeable deposits

Paradise Valley and seep-
age from the Humboldt
River.

beneath the Lake Lahontan strata is caleium bi-
carbonate and sodinm bicarborate water of low to
very low dissolved-solids content. Sodium bicar-
bonate water having a high dissolved-solids content
and a temperature of 158°F issues from a flowing
well, 61 feet deep, near the center of the subarea
(samples 37/39-3decl-1, 2). Mixed water in the
highly saline upper silt and ¢l1v unit and in the
flood-plain deposits of the Little Humboldt River
hast a tmodetate to very hizh dissolved-solids
content.

Sonoma Range. ...

Recharge from the Pole
Creek drainage basin.

Calcium bicarbonate water of very low dissolved-
solids content derived from the Sonoma Range.

Grass Valley. .. _.___

Infiltration of streamflow
draining the western and
northwestern slopes of
the Sonoma Range; un-
derflow from Grass

alley.

Calcium bicarbonate water of very low dissolved-
solids content occurs in the alluvial fans bordering
the Sonoma Range, in the medial gravel unit, and
in the alluvium underl{‘ing the lower silt and clay
unit. Wells tapping the hlgh'v saline upper silt
and clay unit yield sodium chloride water of high
to very high dissolved-solids content.

East Range Fault___

Source not known. Water
may be moving through
fractured zones related to
the fault, or may be mov-
ing through alluyium and
being forced to the sur-
face by a permeability
batrrier related to the
fault.

Most of the water in the subarea is a sodium bicar-
bonate type of high to very righ dissolved-solids
content seemingly associated with and down-
gradient from the East Range fault. Thermal
sodium bicarbonate water having a maximum
temperature of 83°F and a high to very high dis-
solved-solids content issues f-om Springs 35/36-
28abal and 35/36-28dccl.

Humboldt River
flood plain and
bordering river-
cut terraces (ex-
cept where the
oceur in the other
subareas).

Seepage from the Hum-
boldt River and under-
flow from tributary
areas.

Most of the flood-plain deposits the medial gravel
unit, and the underlying depo~its contain sodilum
bicarbonate water of moderate to low dissolyed-
solids content. Locally, highl+ saline flood-plain
deposits contain sodium chloriie and caleium sul-
fate water of moderately h'gh to very high
dissolved-solids content.

18ee pl. 7.
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VARIATIONS WITH TIME

As the flow and stage of the Humboldt River change with time,
the hydraulic relations between the river and the ground-water
reservoir change. In general, when the stage and flow of the river
are high, the river loses water to the ground-water reservoir; when
the stage and flow of the river are low, the river gains water from
the ground-water reservoir. Figure 81 shows the relation between
specific conductance and gage height of the Humboldt River at the
Winnemucca gaging station. In overall aspect the specific con-
ductance is inversely proportional to the stage of the river. During
periods of high streamflow, the water has a very low dissc'ved-solids
content, and some of this water recharges the ground-water reservoir
beneath and adjacent to the river. During periods of low stream-
flow, ground water of low to high dissolved-solids content. seeps into
the river and constitutes most, or commonly all, of the str~amflow.

Plate 5 shows the chemical quality of water in the project area in
July-December 1961 when the streamflow was low, ranging from
about 10 to 20 cfs at the Rose Creek gaging station, and when
ground-water levels throughout most of the area were at or near
record-low stages. Plate 6 shows the water quality in April and
May 1962 when the flow of the river was about 750 cfs at the Rose
Creek gaging station and when ground-water levels were nearly as
high and the shape of the water-level contours were very similar to
those shown on plate 3. In the spring of 1962, generally the most
marked changes in water quality, as compared to the water quality
in December 1961, occurred in the Humboldt River and in the
shallow aquifers beneath and immediately adjacent to the river. The
dissolved-solids content of water in most of the shallow wells tapping
flood-plain deposits or the underlying medial gravel unit, such as
water in wells 35/36-19dcal, 36/40-36bbbl, and 86/41-14dcdl, de-
creased. Water levels in these wells rose markedly as a result of the
high river stage. The dissolved-solids content of the river was
250-300 ppm when sampled in April and May 1962. Accordingly,
the decrease in dissolved-solids content of ground water in the shal-
low aquifers probably was a result of dilution by seepage of Hum-
boldt River water of very low dissolved-solids content to the
ground-water reservoir.

The dissolved-solids content of some of the shallow ground water
which was resampled in the spring of 1962 showed an increase. For
example, the dissolved-solids content of water from w-ll 37/38-
34abbl increased from 970 ppm in August 1961 when the water level
was about 5.4 feet below land surface to 4,320 ppm in April 1962
when the water level was about 2.2 feet below land surface. The
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dissolved-solids content of water in this well and in some of the
other shallow wells probably increased because the water table rose
into near-surface highly saline deposits associated witly areas of
substantial ground-water discharge by evapotranspiration.

Thermal water in the project area showed no significart and con-
sistant seasonal changes in water quality. This water may be part
of a single large and deeply circulating system. If this is correct,
the chemical quality of the thermal water should remain fairly con-
stant and should not respond to short-term seasonal influences.

THE RELATION OF WATER QUALITY TO THE SOURCE AND MOVE-
MENT OF WATER

In overall aspect the geochemistry of the hydrologic system cor-
roborates the hydrogeologic observations and interpretations given
in previous sections of this report. In detail, water-qualit data help
refine some aspects of the interrelations among various components
of the hydrologic system, especially interrelations betweer the Hum-
boldt River and the ground-water reservoir. The relation of water
quality to the source and movement of water is evaluated by analyz-
ing the data shown in figure 32 and on plate 2 which sl'ow water-
level contours and the chemical quality and flow of the Humboldt
River, respectively, when ground-water levels and the stage and
flow of the river were low.

In December 1961 water-level contours were slightly con~ave down-
stream between stations A and B. Accordingly, in this rsach of the
river most of the ground-water movement was toward the river. Flow
in the Humboldt River at station A was about 0.15 cfs and was a
mixture of sodium chloride and sodium bicarbonate water of high to
moderately high dissolved-solids content derived largely from the
shallow aquifers upstream from the Comus gaging station. The flow
increased to about 0.4 cfs at station B and the dissolved-solids content
decreased about 440 ppm. The increase in flow between the two
stations was a result of ground-water seepage to the river, the dis-
solved-solids content of which can be estimated by the equation:

(@1a) (Cha) + (@) (C) = (Qus) (Chy), (4)

0, (@) (C’»o)(-)— (Q1a) (Cha) )

where Q,,=rate of flow of the Humboldt River at station A, in cubic
feet per second,
Chr.=dissolved-solids content of the Humboldt Rive- at station
A, in parts per million,

or
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@.=rate of ground-water seepage into the Humboldt River
between stations A and B, in cubic feet per second,

O,=dissolved-solids content of the ground-water seepage, in
parts per million,

Qn.=rate of flow of the Humboldt River at station B, in cubic
feet per second, and

C,,=dissolved-solids content of the Humboldt River at station
B, in parts per million.

The dissolved-solids content and rate of flow of the Huraboldt River
at station A were 1,280 ppm and 0.15 cfs, respectively; the dissolved-
solids content and rate of flow at station B were 836 pprr and 0.4 cfs,
respectively. Thus, the rate of ground-water seepage to the river
between the two stations was 0.25 cfs. Substituting these data in
equation 4:

_ (0.4)(836) — (0.15)(1,280) ppm

Cu 0.25

=570 ppir.

Accordingly, the calculated dissolved-solids content of ground wate®
discharging into the Humboldt River between stations A and B in
December 1961 is about 570 ppm.

The river was virtually dry at station C, but the dissolved-solids
content from a pool near the station was 585 ppm. The pool was
caused by the intersection of the bed of the river and the water table,
and the quality of the water from the pool probably was very similar
to that of the water discharging into the river between stations A and
B. The calculated dissolved-solids content of the ground water
discharging into the river, about 570 ppm, agrees closely with the
dissolved-solids content of the water from the pool near station C.

The flow and dissolved-solids content of the river increased to
about 0.2 cfs and about 750 ppm, respectively, at statior E. Nearly
the entire increase in flow and nost of the increase in dis-olved-solids
content occurred between station D and E where the width of the
relatively permeable alluvium decreases to about a quarter of a mile
causing ground water to discharge into the river. Ground water
discharging into the river between stations C and E bhad a higher
dissolved-solids content than that discharging into the river between
stations A and B largely because the deposits in this are~ are highly
saline owing to the normally very shallow water table and the result-
ing above average evapotranspiration rates which results in a con-
centration of salts.

The flow of the Humboldt River increased to about 1.2 cfs at
station G and the dissolved-solids content decreased to about 560
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ppm. The increase in streamflow and the decrease in dissolved-
solids content probably was largely a result of the underflow of
calcium bicarbonate ground water of low dissolved-solids content
from the drainage basin of Rock Creek (pls. 2 and 7).

At station H, the flow of the Humboldt River increased to about
1.4 cfs and the dissolved-solids content increased to about 640 ppm.
The increase in flow was a result of underflow from the Pole Creek-
Rock Creek area, from the Humboldt River valley upstream from
station H, and perhaps from the hot springs near Galconda. Under-
flow from the Pole Creek-Rock Creek area had a low to very low
dissolved-solids content; underflow from the Humboldt River valley
had a moderate to moderately high dissolved-solids content; and
underflow from the Galconda hot springs system had a moderate
dissolved-solids content (pl. 7). These relations preclude the pos-
sibility of using available water-quality data to evaluate the relative
amounts of underflow discharging into the river from each of the
three sources.

Streamflow and dissolved-solids content decreased to about 0.6
cfs and 540 ppm, respectively, at station J. As previously indicated
(p. 71), streamflow decreased between stations H and K appar-
ently because ground-water movement away from the river toward
the northwest was greater than that toward the river from the
southeast. The dissolved-solids content probably decrased because
ground water discharging into the river from the southeast was
mostly calcium bicarbonate water of low to very low dissolved-solids
content from the Pole Creek-Rock Creek area.

The flow of the Humboldt River increased from about 0.6 cfs at
station J to about 5 cfs at station N. The dissolved-solids content
decreased to 467 ppm at station K, decreased to 426 ppm at station
L, increased to 509 ppm at station M, and again decreased to 444
ppm at station N. The decrease in dissolved-solids content and the
increase in streamflow between stations J and L was a result of un-
derflow to the Humboldt River of calcium bicarbonate water of low
to very low dissolved-solids content from the Pole Creek-Rock Creek
area and underflow to the river of sodium bicarbonate water of
moderate to low dissolved-solids content from the eastern part of
the Paradise Valley subarea. The dissolved-solids content and flow
of the river increased between stations L. and M largely because of
underflow to the river of ground water of moderate to very high
dissolved-solids content from the western part of the Paradise
Valley subarea. Underflow of calcium bicarbonate water of low

768-607 O-65—9
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dissolved-solids content from the northern slope of the Sonoma
Range and a decrease in the width of the medial gravel unit caused
the flow of the river to increase and the dissolved-solids content to
decrease between stations M and N.

Surface water draining northwestward into Grass Valley is the
source of most of the recharge to the ground-water reservoir of
Grass Valley and is largely calcium bicarbonate water of very low
dissolved-solids content (pl. 7). The water-level contours for De-
cember 1961 indicate that most of the underflow from Grass Valley
and the northwestern slope of the Sonoma Range moved toward the
Humboldt River and discharged into the river between stations N
and S. Prior to discharging into the river, most of the calcium
bicarbonate water of very low dissolved-solids content mixed with
sodium bicarbonate water of moderate dissolved-solids content in the
shallow aquifers beneath and adjacent to the Humboldt River.
Accordingly, most of the water that discharged into the river be-
tween stations N and S, about 9.7 cfs, was a mixture of the two
waters. As a result, the dissolved-solids content of the river de-
creased from 489 ppm at station N to 453 ppm at station S. Plates
2 and 7 suggest that relatively unmixed calcium bicarborate water
of very low dissolved-solids content discharged into the river be-
tween stations P and Q. This is verified by the fact thet the dis-
solved-solids content of the river decreased to 415 ppm at station Q.

Although ground water of moderate to very high dissolved-solids
content occurs in a fairly large area in the East Range Fault subarea
and although the water-level contours shown on plate 2 suggest that
most of this water probably moved toward the Humboldt River in
December 1961, the dissolved-solids content of the river showed only
a slight increase downgradient from the ground-water mound along
the fault. This suggests that the amount of ground water dis-
charged into the river from the East Range Fault system is very
small.

By utilizing the following equation, water-quality data can be
used to verify that the estimates of ground-water inflow from Grass
Valley and the northwestern slope of the Sonoma Range derived
on page 77 are of the correct order of magnitude:

(@n0) (Cho) + (Quo) (Cuo) + (Qus) (Cug) = (@ns) (Cr) 1 (Qus) (Cus) ()

Qw= (th) (Ohc) + (Qus) (Ous)g (th) (Oho) _ (Quo) (Cuo) (7)

or
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where Q,,=rate of flow of the Humboldt River at station 0, in cubic

feet per second,
Cro=dissolved-solids content of the Humboldt River at station

O, in parts per million,

Qu=rate of ground-water underflow roughly perallel to the
Humboldt River at station O, in cubic feet per second,

C.,=dissolved-solids content of underflow at station O, in
parts per million,

Q.,=rate of ground-water inflow from the Grass Valley sub-
area, in cubic feet per second,

C,,=dissolved-solids content of ground-water inflow from the
Grass Valley subarea, in parts per million,

@us=rate of flow of the Humboldt River at station S, in cubic
feet per second,

Chs=dissolved-solids content of the Humboldt River at station
S, in parts per million,

Qus=rate of underflow roughly parallel to the Humboldt River
near station S, in cubic feet per second, and

C,s=dissolved-solids content of underflow near station S, in
parts per million.

The rate of flow and dissolved-solids content of the Humboldt
River at station O in December 1961 were about 3.7 cfs and 480
ppm, respectively. The estimated rate and dissolved-solids content
of ground-water underflow roughly parallel to the Humboldt River
at station O were 5-7.5 cfs (table 16) and about 550 ppm, respectively.
The estimated average dissolved-solids content of the calcium bi-
carbonate water from Grass Valley and the northwestern slope of the
Sonoma Range was about 250 ppm. The rate of flow and the dis-
solved-solids content of the Humboldt River at station S were about
14.8 cfs and 450 ppm, respectively. The estimated rate and dis-
solved-solids content of ground-water underflow rouglly parallel to
the Humboldt River near station S were 2.5-3.5 cfs (table 16) and
about 460 ppm, respectively. Assuming that the rate of underflow
past stations O and S were 6 and 3 efs, respectively, and substituting
these data in equation 7 yields the following estimate of inflow.

_ (14.8)(450) 4 (3) (460) — (3.7) (480) — (6) (550)

ug = 250 =12 CfS.

The estimated ground-water inflow from Grass Valley and the
northwestern slope of the Sonoma Range of 12 cfs, derived from
water-quality data, is larger than the estimate of 7-8.5 cfs derived
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on page 77. Largely because the water-quality data are insufficient
to determine precisely the average chemical quality of tl'2 ground-
water underflow, and because the chemical quality of the underflow
doubtlessly changes somewhat as the water moves downgradient, the
range of estimates of ground-water inflow from Grass Valley and the
northwestern slope of the Sonoma Range derived on page 77 probably
is more accurate than the estimate derived from the water-quality
data. Accordingly, the estimate obtained from the water-quality
data merely verifies that the ground-water inflow estimates derived
on page 77 are of the correct order of magnitude.

SUMMARY OF THE RELATIONS AMONG THE COMPO-
NENTS OF THE HYDROLOGIC SYSTEM

Qualitative and quantitative relations among the components of
the hydrologic system have been described in previous sections of
this report. In this section of the report preliminary hydrologic
budgets are given for three periods, December through June of water
year 1962, water year 1962, and for water years 1949-62, to sum-
marize the quantitative relations among the components of the
hydrologic system. In addition, qualitative and quantitative hydro-
logic features in water year 1962 are described separately, largely
because the availability of data permits a moderately detailed sum-
mary of the flow of the Humboldt River and its relation to the
other components of the system, especially the ground-water reser-
Voir.

HYDROLOGIC-BUDGET ANALYSIS

The hydrologic budget for an area can be expressed by the equa-
tion:

I =0 =8¢ (8)
where / is inflow, O is outflow, and S? is the net change in storage.
If there is a net increase in storage, it is added to the right side of
the equation; if there is a net decrease, it is subtracted.

Table 27 lists data for the three preliminary water-budget analyses
for the storage units outlined on plate 4. If all the data were accu-
rate and if ranges were not given for transpiration by phreatophytes
and evaporation from bare soil, equation 8 should balance. Table
27 shows that the estimated total inflow ranges from 2,900 acre-feet
more to 27,100 acre-feet less than the sum of the estimated total
outflow plus the net increase in storage. In other words, the esti-
mated inflow ranges from about 1 percent more to 10 percent less
than the outflow plus the net increase in storage.
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TaBLE 27.—Date for preliminary water-budget analyses, in acre-feet, for the storage
units in the Humboldt River valley near Winnemucca

December Water years
Water-budget components through June, | Water year 1962 194962,
water year 1962 14-year average
Inflow:
Humboldt River streamflow at the Comus gaging
station (table 10) - 254, 300 297,200 172,100
Tributary streamflow (p. 41) 5, 5,80 38,600
QGround-water inflow (p. 75)L. 8, 200 14, €00 14, 000
Precipitation (p. 81) oo oo 47, 000 60, (0 59, 000
(1) Totalinflow_ _____ . ... 314, 500 377,00 253, 700
Outflow:
Humboldt River streamﬂow at the Rose Creek
gaging station (table 10) ________....__._________ 187,800 242, 900 155,400
Ground-water outfiow (g 27 2 S 1,800 3,0 3, 000
Evaporation from open bodies of water (p. 59-60). 14, 000 21,400 14, 000
Evapotranspiration of tpreclpltatlon from land
surface and the zone of aeration (p. 8t)___________ 40, 000 57,00 56, 000
Transpiration by phreatophytes and evapo tion
from bare soil (p. 91)2.._______.__________ ---| 10, 000-20, 000 30, 000-60, (00 25, 000-50, 000
Net pumpage (D. 93) - - oo e 1, 000 3, 00 1,500
(2) Totaloutflow_ ... ... 254, 600-264, 600 | 357, 300-387,200 | 254, 900-279, 900
Net increase in storage:
Surface water (p. 61) ... 22, 000 1,£00 0
Ground water (p. 103—104)__ 26, 000 5, 000 0
Vadose water (0. 109) .. 17, 000 10, 000 0
(3) Totalincreaseinstorage. ... .._____._._. 65, 000 16, £00 0
(4) Sum: (2)+4@3)._ 319, 600-329, 600 | 374, 100-404, 100 | 254, 900-279, 900
Difference: (1)—(4) ~5,100 to +2, 900 to —1,200 to
—15,100 —27,100 26,200

t Ground-water inflow and outflow in the 7-month period December through June of water year 1962 is
e e e b o e e g ing s
= fgtgilll%‘géeéniﬁcial outflow from Gumboot Lake in water years 1953 and 1958.

The imbalance reflects the cumulative errors in the estimates of
all the components of the water budgets. Because of the few avail-
able data, it is probable that the estimates of evapotranspiration of
precipitation from land surface and from the zone of aeration,
transpiration by phreatophytes and evaporation from bare soil, and
changes in the amount of vadose water in storage are subject to the
largest errors. When additional data on evapotranspiration and
changes in moisture content in the zone of aeration become available,
the preliminary hydrologic-budget analyses can be refined. Equa-
tion 8 probably will not balance even when all the data become
available. This is to be expected inasmuch as all the components
of the hydrologic system have not been studied with the same degree
of intensity. Moreover, some of the components could not be evalu-
ated as precisely as desired within the realm of econoriic and tech-
nological feasibility.

RELATION OF WATER YEARS 1949-62 TO THE LONG-TFRM PERIOD

As suggested by the records at Winnemucca and Elko, average
annual precipitation in water years 1949-62 was about 5-10 percent
less than the average annual precipitation in the past 9C years. This
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deficiency is further confirmed by streamflow at the Comus gaging
station, which was about 14 percent less in water years 194962 than
the long-term average. These data suggest that in weter years
1949-62 total inflow to and outflow from the project area probably
was less than the long-term average; however, sufficient data are
not available to determine precisely how much less.

HYDROLOGIC FEATURES IN WATER YEAR 1967

Largely because water year 1962 was a year of above-average
streamflow following 3 years of drought, the magnitude and extent,
both in space and time, of some of the hydrologic phenomena that
occurred during the year were above average. Inasmuch as hydraulic
gradients toward the Humboldt River near the margins of the
storage units remained nearly constant, it is presumed thst ground-
water underflow into the area was about average. Further, the
ground-water gradients, and hence underflow out of the area near
the Rose Creek gaging station, were about average.

At the beginning of water year 1962, the Humboldt River was
nearly dry at the Comus gaging station, having a flow of about 0.1
cfs, and the flow at the Rose Creek gaging station ranged from about
10 to 14 cfs and averaged about 12 cfs (fig. 83). Virtually the
entire increase in flow between the two stations was the result of
ground-water inflow from tributary areas discharging into the
river. Ground-water levels throughout most of the area were at or
near record low stages for October. In November and December
1961, streamflow ranged between 0.1 and 8.1 cfs at the Comus gaging
station and between about 10 and 1% cfs at the Rose Cre~k gaging
station. The variations in streamflow were caused largely by the
effects of precipitation and ice. Ground-water levels in most wells
rose slightly in November, owing largely to the virtual cessation of
evapotranspiration; levels remained nearly constant in December
and January.

In January 1962, streamflow increased to an average of about 10.4
cfs at the Comus gaging station and averaged about 10.9 cfs at the
Rose Creek gaging station. The increase in streamflow at the Comus
gaging station was largely a result of increased precipitation up-
stream from the project area. Streamflow at the Rose Creek gaging
station remained virtually unchanged largely because of increases
in channel storage between the upstream and downstream margins
on the project area.

An unusually large amount of precipitation in February 1962
caused streamflow to increase markedly throughout much of the
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Humboldt River drainage basin. Flooding occurred in many parts
of the basin and serious property damage occurred upstream from
the project area, especially in the city of Battle Mountain (Thomas
and Lamke, 1962). A peak daily mean streamflow of 1,690 cfs
occurred at the Comus gaging station on February 21, 1962, and a
peak daily mean streamflow of 875 cfs occurred at the Pose Creek
gaging station on March 2, 1962. As a result of the rapidly rising
stage of the river, ground-water gradients were reversed and water
seeped from the river to the ground-water reservoir causing ground-
water levels locally to rise as much as 7 feet.

Streamflow decreased to about 400 cfs in mid-March ard ground-
water levels declined. Streamflow then began to increase again
owing to the beginning of the spring runoff, and ground-water levels
also began to rise again. The peak daily mean streamflow during
the spring runoff at the Comus gaging station of 1,440 cfs occurred
on June 5, 8, and 10, 1962. The peak daily mean streamflow at the
Rose Creek gaging station of 1,150 cfs occurred on June 17, 1962.

The maximum daily mean streamflow at the Comus gag'ng station
occurred during the February flood; however, the maximum daily
mean streamflow at the Rose Creek gaging station occurred during
the spring runoff. This resulted largely because more vater went
into channel storage between the two gaging stations in February
than in June. Prior to the February flood, the river stage was
very low and virtually all the abandoned meander scrolls and flood-
flow channels were dry. Most of these depressions were filled during
the flood, causing a marked depletion of streamflow between the
Comus and Rose Creek gaging stations. When the river crested in
June, the channel was nearly full, owing to the high streamflow
during the previous month. Further, many of the depressions on
the flood plain contained water either as a result of overbank flood-
ing for irrigation or because of high ground-water levels. Accord-
ingly, the decrease in flow between the two gaging stations was not
as marked as it was in February causing the peak daily mean flow
at the Rose Creek gaging station to be greater in Jure than in
February.

In the period October through June of water year 1962, the total
measured streamflow at the Rose Creek gaging station was about
65,000 acre-feet less than at the Comus gaging station. Tlo decrease
in streamflow resulted from increased surface water in s‘orage, in-
creased ground water in storage, increased water content in the zone
of aeration, and discharge by evapotranspiration.

From early July, when the stage of the river began to decline, to
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the end of the water year, streamflow at the Rose Creek gaging sta-
tion was more than that at the Comus gaging station. The increase
in streamflow between the two gaging stations was largely a result
of ground-water discharge to the river, much of which was return
flow of bank storage, but some of which was inflow from tributary
areas.

For the entire water year, the total measured streamflow at the
Rose Creek gaging station was about 54,000 acre-feet less than that
at the Comus gaging station. The total measured decrerse in stream-
flow in the project area in water year 1962 was about 11,000 acre-
feet less than the measured decrease in streamflow in the period
October through June, largely because of seepage of bank storage
and ground-water inflow from tributary areas into the river. In
addition, heavy precipitation in February melted a thin layer of
snow on the valley floor, and some of the resulting ruroff may have
discharged into the river.

MANAGEMENT OF WATER

Sound long-term management of water is related closely to an
adequate knowledge of the hydrologic system. The amount of water
in the system and its suitability for use should be known. In addi-
tion, the system should be evaluated to determine whether the avail-
able supply can be used more efficiently. The preceding text
describes the amount and chemical quality of water in the project
area and the interrelations among various components of the
hydrologic system. Possible modifications of the hydrologic system
and the effects of these modifications are emphasized in this section
of the report. Because water in the project area is part of a single
large hydrologic system encompassing the entire Humboldt River
basin, many aspects of water management must take into considera-
tion the entire basin. Upstream use of water has and will continue
to affect the available water supply in and downstream from the
project area. Furthermore, modifications of the hydrologic regimen
in the project area could significantly alter the available water
supply downstream.

USE OF WATER AS OF 1963
IN THE ENTIRE BASIN
Probably about 95 percent or more of the beneficial use of water in
the Humboldt River basin is for irrigation. Virtually all of the
remainder of the beneficial water use is for domestic and municipal
purposes. Along the main stem of the Humboldt River nearly all
the irrigation water is diverted from the river and the water is fully
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appropriated; that is, under existing State law new irrigation de-
velopments or other new uses of Humboldt River water are possible
only if existing water rights are transferred.

Upstream from Rye Patch reservoir, much of the irrigztion using
Humboldt River water is accomplished by overbank flooding largely
on unimproved meadows. During the irrigation season, tens of
square miles are flooded for as long as a week or so at a time as part
of the normal method of irrigation.

Less than 10 percent of the cultivated land along the msin stem of
the river is irrigated with ground water. Most of this irrigation has
occurred in the past decade or so.

IN THE PROJECT AREA

Depending on the availability of water, about 10,000-20,000 acres
of the flood plain in the project area is irrigated with Humboldt
River water; nearly 2,000 acres, largely in the mouth of Grass
Valley, is irrigated with ground water. About 1,000 acre-feet of
ground water is used for domestic and municipal purposes.

At present increased ground-water development for municipal use
in Winnemucca is being considered. Moreover, additionsl develop-
ment of ground water for irrigation, especially from the medial
gravel unit, is contemplated.

UPSTREAM DEVELOPMENT
INCREASED STORAGE FACILITIES

Several private and governmental agencies are investigating the
feasibility of sizeable upstream storage facilities on the Humboldt
River and its major tributaries. These would offer some degree of
flood control, the capacity to partly regulate streamflow, and recrea-
tional benefits. Flood control could be of substantial benefit in the
entire basin, costly flood damage would be minimized, and ranchers
might be more apt to upgrade agricultural practices on the
flood plain. The possible benefits resulting from additioral recrea-
tional facilities are self-evident; those derived from the regulation
of streamflow, however are somewhat more complex. Water can
be stored during years of above-average streamflow and released
during years of below average streamflow. In additior, seasonal
variations in streamflow can be dampened and the irrigation season
in much of the Humboldt valley, which depends largely upon Hum-
boldt River water and which normally ends in June to mid-July,
might be extended to take advantage of the entire growing season.
The possible benefits of extending the irrigation season are obvious;
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however, many ranchers in the area contend that this would be of
no substantial economic value. Their current method of operation
is to harvest one crop of hay in late June or early July and then to
use the flood plain for pasture. Accordingly, the full benefits result-
ing from the extension of the irrigation season as a result of the
utilization of upstream storage facilities may depend upon the
ranchers modifying their present methods of operation.

Some ranches along the river depend solely or largely on flood
water for irrigation. Thus, flood control might deprive these
ranches of considerable irrigation water. In addition, decreased
overbank flooding would decrease recharge to the ground-water
reservoir. This would not be of immediate significance because of
the fairly small amount of pumpage at present. If ground-water
development increases substantially in the future, however, decreased
recharge resulting from decreased overbank flooding may become a
significant factor.

Evaporation from newly impounded reservoirs is another factor
being considered as part of the evaluation of the feasibility of in-
creased upstream storage facilities. Evaporation incrsases in pro-
portion to the area of a reservoir and, if the area is large, it is
conceivable that the accrued benefits of upstream stor~ge facilities
may partly or entirely be offset by evaporation losses and attendant
increased salinity.

INCREASED GROUND WATER DEVELOPMENT

Substantial amounts of ground water may be developed in the
future in the Humboldt River valley upstream from the project area.
Numerous hydrologic and economic benefits could result from in-
creased upstream ground-water development. These might be such
interrelated benefits as the availability of additional water, utiliza-
tion of the ground-water reservoir to stabilize the flow of the Hum-
boldt River, and decreased evapotranspiration losses. Negative
aspects of increased upstream ground-water development might be
depletion of streamflow and deterioration of water quality.

In general, the possible effects of increased upstream ground-
water development are similar to those of increased ground-water
development in the project area, which are described on pages 130-134.

INCREASED PRECIPITATION

Weather-modification experiments currently are being made by
State agencies in the Humboldt River basin near Elko. If these
experiments are successful, the resulting increased precipitation may
increase the available water supply and thereby modify the hydro-
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logic system of the project area. The extent to which additional
precipitation would modify the hydrologic regimen and bonefit the
water users in the basin depends upon many interrelated factors, a
discussion of which is beyond the scope of this report.

MANAGEMENT OF WATER IN THE PROJECT ARI"A

The availability of water probably will be one of the limiting
factors in future agricultural, industrial, and possibly even muniei-
pal development in the project area. Because practically all the
available surface water is fully appropriated, the hydrologic limita-
tions on economic expansion in the area can be modified cnly to the
extent that more water can be made available or to the extent that
the currently available water can be used for other purpcses or can
be used more efficiently. Assuming that the amount of water enter-
ing the hydrologic system is not significantly increased in the future,
but recognizing that it may be if weather modification or other
conservation methods are successfully employed upstreanr, then in-
creased ground-water development, decreased evapotranspiration, or
the reuse of water offer the only possibilities of a significantly in-
creased usable water supply.

EFFECTS OF INCREASED GROUND-WATER DEVELOPMENT ON GROUND-
WATER LEVELS

The immediate effect of increased ground-water development will
be a decline in ground-water levels in the vicinity of pumping wells.
Water levels will continue to decline unless the amount of water
discharged from a well is offset by a corresponding docrease in
natural discharge from the aquifer or unless an additional source of
recharge, such as a stream, is intercepted by the cone of depression
caused by a pumping well. TIf natural discharge does nct decrease
as a result of pumping and if the cone of depression does not inter-
cept an additional source of recharge, the magnitude and extent of
the cone of depression are solely a function of the rate and duration
of pumping and the coefficients of transmissibility and storage of
the deposits intersected by the cone of depression. If these data are
known, drawdown in a pumping well tapping a so-called ideal
aquifer and the affects of pumping on water levels in the aquifer at
any given distance for any period of time can be evaluated by use of
the nonequilibrium formula developed by Theis (1935).

Much of the future ground-water development probably will be
from the medial gravel unit. Moreover, of all the aquifers in the
project area the medial gravel unit comes closest to having the
hydrologic properties needed for the formula to be applicable.
Figure 84 shows the theoretical relation between drawdown caused
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FIGURE 34.—Drawdown in an ideal aquifer caused by a well continuously discharging 1,000 gpm. (Co-

efficients of transmissibility and storage are 200,000 gpd per it and 0.20, respectively; time represents time
since pumping started; mileage indicates distance from the pumping well.)
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by a pumping well tapping the medial gravel unit, distance from
the pumping well, and time since pumping started. The graphs are
based on the Theis nonequilibrium formula and on the assumptions
of the idealized conditions under which the formula is applicable.
The average coefficients of transmissibility and storage of the medial
gravel unit are estimated to be about 200,000 gpd per f‘ and 0.20,
respectively. The illustrations show the drawdown effects of a con-
tinually pumping well discharging at a rate of 1,000 gpm. Similar
theoretical solutions are possible for any given rate of discharge
(Ferris and others, 1962). A rate of discharge of 1,000 gpm was
chosen as an illustrative example, because adequately constructed
and equipped wells tapping the medial gravel unit wovld readily
yield this amount of water.

Within the limits of the theoretical assumptions on which the
formula is based, a well pumping 1,000 gpm from the medial gravel
unit for a period of 6 months will cause a drawdown of about 5.7
feet in a well 50 feet away, a drawdown of about 3 fee! in a well
500 feet away, and a drawdown of about 0.6 foot in a well 5,000 feet
away. If a well tapping the medial gravel unit is allowed to pump
1,000 gpm continually, for industrial or municipal purposes for
example, drawdown in a well 500 feet away would be 2.1 feet in
about a month, 3 feet in about 6 months, 8.4 feet in about a year,
4.8 feet in about 10 years, and only about 6 feet in 100 years.

In several respects the medial gravel unit is not an ideal aquifer.
However, nearly all the discrepancies between actual field conditions
and those needed for the solution based on the nonequilibrium
formula to be valid will cause drawdowns related to pumping the
medial gravel unit to be somewhat less than the calculated values.
Accordingly, mutual interference between pumping welle. which in
some areas can cause excessive pumping lifts, should rot present
serious problems in the project area if wells tapping the unit are
spaced several hundred or more feet apart.

EFFECTS OF INCREASED GROUND-WATER DEVELOPMENT ON THE FLOW
OF THE HUMBOLDT RIVER

Increased ground-water development in the project area may
affect the flow of the Humboldt River. The amount of underflow
discharging into the river may decrease, or water may b» diverted
from the river because of pumping. For example, scme of the
underflow moving toward the Humboldt River from Paradise Valley
may be intercepted by wells in the mouth of Paradise Valley.
Further, it is possible that all the underflow from Paradise Valley
could be intercepted by a sufficient number of properly spaced wells.



MANAGEMENT OF WATER 133

In general, underflow from tributary areas will decrease as
ground-water withdrawals in these areas increase. The decrease in
underflow, however, will not necessarily be proportional to the in-
creased pumpage, because increased pumpage may czuse ground-
water levels to decline in areas of evapotranspiration and thereby
decrease natural discharge from the ground-water reservoir. In
addition, some of the water pumped in tributary areas probably will
seep into the ground and percolate downward to the ground-water
reservoir. Accordingly, the decrease in ground-water underflow
toward the Humboldt River will be less than the total pumpage in
tributary areas to the extent that some evapotranspiration losses
may be salvaged and to the extent that some of the puriped ground
water may return to the ground-water reservoir.

The possible decrease in ground-water inflow from tributary areas
to the Humboldt River cannot be computed mathemetically with
currently available information. Much will depend upon the loca-
tion and pumping regimen of future wells in the tributary areas,
and upon the use of the pumped water. Even if these factors could
be predicted accurately, considerable hydrologic information would
have to be obtained to provide the basis for a mathematical solution,
and much of the information could be obtained within the realm
of economic feasibility only after considerably move intensive
ground-water development.

Because of the complexities of the hydrologic system, the amount
of water diverted from the Humboldt River as a result of increased
ground-water development cannot be computed mathematically un-
less several simplified assumptions are made. A theoretical mathe-
matical solution based on a modification of the nomequilibrium
formula is possible if these assumptions are made. (See Theis,
1941.) The curves in figure 35, which are based on solutions of the
formula, show the theoretical relations between pumping the medial
gravel unit and the resulting percentage of the pumpage diverted
from the river. For example, after about 70 days of continuous
pumping, 95, 90, 55, and 25 percent of the amount of water dis-
charged from wells 0.05, 0.1, 0.5, and 1 mile from th> Humboldt
River, respectively, theoretically will be derived from the river.

Nearly all the discrepancies between actual field conditions and
those needed for the theoretical mathematical solution to be precisely
valid probably will result in the actual percentage of weter diverted
from the river being less than the values indicated in figure 35. In
addition, lowering of water levels as a result of pumping from the
medial gravel unit will decrease evapotranspiration losses. This may
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FiGURE 35.—Percentage of water diverted from the Humboldt River by a continuously discharging well
penetrating an ideal aquifer in hydraulic continuity with the river. (Coeflicients of trar<missibility and
storage are 200,000 gpd per ft and 0.20, respectively. Mileage represents distance betw-en the well and
the river.)

make additional ground water available to wells and thereby further
decrease the percentage of pumped water diverted from the river.
Thus, the theoretical solution probably indicates the upp=r limit of
the percentage of pumped water that may be diverted frora the river.

In summary, it should be emphasized that any ground-vater with-
drawals in the project area that are not compensated for by de-
creased nonbeneficial evapotranspiration losses ultimately may
decrease the flow of the Humboldt River. For example, even if a
well is not pumped long enough or at a sufficiently large rate to
directly influence the flow of the river during the pumping period,
the loss of water from the system ultimately will cause a decrease
in streamflow. The decrease in streamflow may, however, be so
small and so distributed in time that it may not be noticeable.

CONJUNCTIVE USE OF GROUND WATER AND SURFACE "VATER

Development of some of the large volume of ground water in
storage, especially from the medial gravel unit, could supply addi-
tional water or could be used to supplement the surface-water supply
during periods of drought. Furthermore, if the medial gravel unit
is partly dewatered by pumping, considerable streamflov that nor-
mally is lost by nonbeneficial evapotranspiration during period of
uncontrolled natural flooding will recharge the unit naturally or
might be induced to recharge the unit by artificial methods. On the
other hand, as previously noted, increased development from the
ground-water reservoir may decrease the flow of the Humboldt River
and thereby decrease the available downstream supply of surface
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water. In addition, increased ground-water development locally may
lower ground-water levels sufficiently to decrease or eliminate the sub-
irrigation of crops. Accordingly, careful consideration should be
given to the possible economic implications of the conjunctive use of
ground water and surface water to determine whether it is in the
best interest of all the water users. Conjunctive use probably would
be a more efficient way of utilizing the available water supply, but
it might necessitate major changes in the present methods of farm-
ing and stock raising.
SALVAGE OF SURFACE WATER CONSUMED BY EVAPOTRANSPIRATION

Evapotranspiration of some of the surface water diverted for irri-
gation cannot be avoided. Increased irrigation efficiency, however,
would conserve much of the surface water currently lost by nonbene-
ficial evapotranspiration.

SALVAGE OF GROUND WATER CONSUMED BY EVAPOTRANSPIRATION

Evapotranspiration of ground water from bare soil end by native
phreatophytes yields virtually no economic returns. If ground-
water levels were lowered by pumping to an average d=pth of 30 or
40 feet below land surface, much of the wasted water would be
salvaged. It may be infeasible or undesirable, however, to decrease
ground-water levels to this depth. If so, it may be desirable to
replace the native phreatophytes with more beneficial vegetation.
The Agricultural Research Service is investigating the feasibility of
this method of utilizing the available water supply more efficiently.

SUMMARY AND CONCLUSIONS

General features—Manipulation of any aspect of the hydrologic
system in the Winnemucca Reach of the Humboldt River valley,
such as increased ground-water development or modifications in the
use of Humboldt River water, may change the hydrologic regimen.
Some changes probably are desirable to achieve the rost effective
use of the available water supply, especially changes that result in
decreased nonbeneficial evapotranspiration losses which consumed
about 40-50 percent of the average annual inflow to the lowlands
(storage units) of the project area in water years 1949-62. (In this
section of the report all quantitative estimates are for water years
1949-62 except as noted.)

Source and quantity of inflow—Average annual inflow into the
lowlands of the Humboldt River valley near Winnemucca, Nev.,
was about 250,000 acre-feet. About 68 percent of thi- inflow was

Humboldt River streamflow, about 28 percent was precipitation,
768-607 O-65—10
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about 6 percent was subsurface ground-water inflow, and about 3
percent was tributary streamflow.

Disposition of Humboldt River water—Much of the Humboldt
River streamflow that entered the project area at the Comus gaging
station discharged from the area at the Rose Creek gaging station;
however, the flow at the Rose Creek gaging station averaged about
17,000 acre-feet less than that at Comus gaging station. Most of
this water was consumed by evapotranspiration.

Disposition of precipitation—On the average about 2,000 acre-feet
per year, less than 4 percent of the average annual precipitation on
the storage units, recharged the ground-water reservoir. Nearly all
of the remainder was consumed by evapotranspiration.

Disposition of ground-water inflow—Most of the ground-water
inflow was consumed by evapotranspiration in the valley lowlands;
however, some discharged into the Humboldt River in th= late fall
and winter. Average annual net ground-water discharg> into the
river, including lateral inflow from tributary areas and bank storage,
was about 11,000 acre-feet.

Disposition of tributary streamflow.—An average of about 10,000
acre-feet per year of tributary streamflow discharged into the project
area. Nearly half of this flow recharged the ground-water reservoir,
evaporated, or was stored in the zone of aeration and subsequently
was consumed by evapotranspiration in the mountains and foothills.
Accordingly, an average of only about 4,500 acre-feet per year dis-
charged into the storage units. Most of it was diverted for irrigation
and subsequently recharged the ground-water reservoir or was con-
sumed by evapotranspiration.

Changes in storage—The average annual net changes of ground
water in storage, surface water in storage, and water stored in the
zone of aeration was zero. Net seasonal changes of groind water
in storage averaged about 10,000 acre-feet. These changes were
negligible as compared to the total amount of ground water in
storage in the project area, which is on the order of 2 million acre-
feet in the upper 100 feet of the zone of saturation.

Outflow—Average annual outflow from the storage units was
about 255,000-280,000 acre-feet; about 55-60 percent was Humboldt
River streamflow at the Rose Creek gaging station; about 1 percent
was discharged as ground-water outflows; virtually all of the re-
mainder was consumed by evapotranspiration.

Water quality—Although somewhat hard, nearly all the water
in the area is suitable for most uses. Locally, small quantities of
thermal ground water are unsuitable for some uses. During periods
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of low flow, changes in the chemical quality of the river reflected the
chemical quality of lateral subsurface inflow from tributary areas.

Water management.—The Humboldt River is the scurce of most
of the irrigation water. Large supplies of additional irrigation
water can be developed from a highly permeable gravel aquifer
beneath the flood plain of the Humboldt River; however, develop-
ment of ground water from the aquifer may partly deplete the flow
of the Humboldt River and thus infringe on establishec downstream
surface-water rights. Nevertheless, the conjunctive use of ground
water and surface water probably would result in the more effective
use of the total water supply.
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